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ABSTRACT
In order to assess the potential of biological control of rice seedling disease, detailed 
etiological information was required, i.e. when and for how long are seedlings 
susceptible and which portions of the seed and seedling are susceptible. Contaminant- 
free seeds were required for these studies. For this purpose, rice seeds were soaked for 
2 hrs in freshly prepared 2.6% sodium hypochlorite adjusted to pH 7.0 with a final 
concentration of 0.5 M potassium phosphate. This treatment was not only very effective 
in disinfesting seeds but also seemed to promote seedling growth. On the basis of this 
observation, a study was conducted regarding the direct effect of sodium hypochlorite on 
rice seedling growth .
Seedling growth following seed treatments with HgCU followed by NaOCl and 
NaOCl followed by sterile water was significantly greater than seeds treated with sterile 
water followed by sterile water, HgCl2 followed by sterile water, and HgCl2 followed by 
KH2P 0 4. These results indicated that sodium hypochlorite directly stimulated rice 
seedling growth apart from an indirect effect related to elimination of microbial 
contaminants.
Infection rates of embryos were significantly higher than those of endosperms for 
Pythium arrhenomanes, P. myriotylum and P. dissotocum. Susceptibility to all three 
species was significantly reduced at 2 to 4 days after planting, and seedlings were 
completely resistant at 8 days after planting. These results indicated that rice seedlings
viii
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became resistant to infection after a relatively short period of time even though they may 
still be submerged.
Carbon utilization profiles were generated to identify specific carbon substrates that 
could be incorporated into seed coating formulations in order to provide a competitive 
advantage to Bacillus spp. used for the biological control agents relative to the pathogenic 
Pythium species. When incorporated into seed coating formulations, most carbon sources 
such as L-arabinose and D-galactose, preferentially utilized by the biological control 
agents, resulted in significantly less disease as compared to appropriate controls in 
greenhouse and field experiments. This enhanced level of disease control was not 
associated with higher populations of the introduced bacteria. These results indicated that 
seedling disease may be controlled with the carbon sources alone.
ix
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CHAPTER I 
INTRODUCTION
1
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2Seedling diseases, which cause stand reductions and growth abnormalities in many 
crop plants, can affect rice in water-seeded fields, seedbeds grown for transplanting, and 
in seed boxes used in mechanical transplanting operations (1.11). Seedling damping-off 
in rice was first described in Taiwan by Sawada (1.10) followed by reports from Japan 
(1.2) and Korea (1.9). Damping-off has not been shown to be an economic problem in 
rice in the tropics (1.5). However, Shajahan et al. (1.7) and Srinivasan et al. (1.8) 
reported the disease from Bangladesh and India, respectively. In the U.S.A., it was 
reported in water-seeded rice in California (1.12) and Louisiana (1.4,1.11). One of the 
important seedling diseases in Louisiana is water mold, also known as seed rot or 
seedling damping-off. In severe cases fields must be replanted, which may result in 
delayed harvests and reduced yields (1.1).
The disease is caused by Achlya spp., Pythium spp. and at least one Fusarium sp. 
(1.11). When seeds are attacked immediately after sowing, they do not germinate or fail 
to emerge through water because endosperms or embryos may be infected by species of 
Achlya or Pythium, respectively (1.3,1.11). If the weather is favorable for plant growth, 
surviving seedlings often recover and may not be severely damaged (1.6,1.11). The 
disease usually develops when seedlings lack vigor and is often exacerbated by cool, 
cloudy weather, which retards germination and seedling growth (1.5,1.11).
Very little is known about the etiology of seedling disease in rice in Louisiana. 
For example, what is the infection court and how long is it susceptible? Also, are there 
differences among Pythium species in etiological traits? Such information is essential for
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3the development, optimization and implementation of cultural and biological control 
programs. Therefore, the overall objective of this research was to elucidate the process 
of seed and seedling infection by Pythium species. This information was then used to 
assess the potential for utilizing seedborne biological control agents and to optimize this 
disease control strategy by including specific substrates in seed coating formulations. 
However, in order to study the etiology of rice seedling disease, it was necessary to 
evaluate and develop procedures for seed disinfestation. This seemingly trivial matter, 
overlooked by most investigators conducting similar studies, became a major research 
objective.
LITERATURE CITED
1.1. Groth, D. E., Rush, M. C., and Hollier, C. A. 1991. Rice Diseases and 
Disorders in Louisiana. Louisiana Agric. Exper. Sta. Bull. No. 828. 37 pp.
1.2. Itos, S., and Nagai, M. 1931. On the rot disease of the seeds and seedlings of 
rice plants caused by aquatic fungi. J. Fac. Agric., Hokkaido (Imperial) 
University 32:45-69.
1.3. Krishna, P. G. 1983. Etiology and control of the rice water-mold disease 
complex in Louisiana. M.S. thesis, Louisiana State University, Baton Rouge. 99
pp.
1.4. Lamey, H. A. 1965. A technique for laboratory evaluation of seed treatments to 
control rice seed rot. Plant Dis. Reptr. 49:736-738.
1.5. Ou, S. H. 1985. Rice Diseases. 2nd. ed. Commonwealth Mycological Institute, 
Kew, England. 380 pp.
1.6. Pillay, M. 1986. Feeder root necrosis in flooded rice: Preliminary studies. M.S. 
thesis, Louisiana State University, Baton Rouge. 101 pp.
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41.7. Shajahan, A. K. M., Hossain, M. A., and Rhaman, M. 1978. Occurrence of 
water mold disease of rice seed and seedlings in Bangladesh. Int. Rice Res. 
News I. 3(3):9.
1.8. Srinivasan, S., Chinnuswamy, P., and Venkataraman, R. 1976. Studies on the
root rot of rice seedlings caused by Pythium sp. Madras Agric. Jour. 63:406-407.
1.9. Sung, J. M., Jin, K. S., Lee, S. C., and Park, J. S. 1983. Identification and
pathogenicity of Pythium spp. associated with seedling damping-off of rice. 
Korean Jour. Mycol. 11:1:27-32. (In Korean)
1.10. Sawada, K. 1912. Studies on the rot disease of rice seedlings in Formosa. Special 
Bulletin of the Formosan Agric. Exp. Sta. 3:1-84. (In Japanese)
1.11. Rush, M. C. 1992. Seedling diseases. Pages 12-13 in: Compendium of Rice
Diseases. R. K. Webster and P. S. Gunnell, eds. 1992. American
Phytopathological Society, St. Paul, MN. 62 pp.
1.12. Webster, R. K., Hall, D. H., Heeres, J., Wick, C. M., and Brandon, D.M. 
1970. Achlya klebsiana and Pythium species as primary causes of seed rot and 
seedling disease of rice in California. Phytopathology 60:964-968.
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CHAPTER n
SODIUM HYPOCHLORITE: EFFECT OF SOLUTION pH ON RICE 
SEED DISINFESTATION AND ITS DIRECT EFFECT 
ON SEEDLING GROWTH
5
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6INTRODUCTION
Household bleach, composed of 5.25% sodium hypochlorite (NaOCl) and 4% 
NaCl, pH about 11.4 (Robin Tam, The Clorox Company, personal communication), is 
routinely used as a seed disinfestant in studies involving seedborne pathogens, biological 
control, endophytes, and seed germination as well as in commercial applications
(2.16,2.21,2.22,2.23). When using bleach in this manner, the implied assumption is that 
any effects subsequent to surface disinfestation are related to the experimental treatment, 
e.g. biological control agent, and there is no direct effect of hypochlorite on seedling 
growth.
The objective of this research was to determine the influence of sodium 
hypochlorite on rice (Oryza sativa L.) seedling growth apart from that attributed to 
disinfestation. Mercuric chloride and Vitavax 200FF were included as additional seed 
disinfestation agents for comparative purposes in some experiments (2.25). A companion 
study was conducted to determine the relationship between pH of hypochlorite solutions 
and efficacy of seed disinfestation. A preliminary report was published (2.4).
MATERIALS AND METHODS
The effect of pH of sodium hypochlorite solutions on disinfestation of rice 
seeds. A range of initial pH values of 50% household bleach (2.6% NaOCl) solutions 
(Clorox, Oakland, CA) was established with various buffers, including phosphoric acid 
(pH 2), potassium phosphate (pH 3-7), and Tris-HCI (pH 8-9). Buffered bleach 
solutions below pH 7.0 were prepared in an exhaust hood because chlorine and HOC1 are
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7products o f the chemical reactions (2.1). Final concentration of buffers was 0.5 M, 
which was required to prevent changes in solution pH during the experiments. 
Unbuffered bleach solution was diluted 1:1 (v:v) with distilled water, which gave a f i n a l  
pH of 11.6. Sterile buffered water (pH 7.1, 1.0 mM phosphate) was used as the control. 
Ten grams of rice seeds (cv. Lemont) were soaked in 100 ml freshly prepared solutions 
contained in 150-ml beakers for 2 h at room temperature. The beakers were sealed with 
laboratory film (Parafilm 'M ', American National Can, Greenwich, CT) and agitated 
three times during the soak. The seeds were then rinsed, with agitation, in four changes 
of 150 ml sterile distilled water. The seeds were removed from the final rinse and 
incubated on nutrient agar (NA) at 32°C and acidified (pH 3.0) potato dextrose agar 
(APDA) at 28°C for assessment of bacterial and fungal contamination, respectively. 
After 3 days incubation, the numbers of seeds contaminated with bacteria and fungi and 
the number of germinated seeds on APDA were determined. Seeds were considered to 
be germinated when plumules were emerged from seeds. In a preliminary experiment, 
the germinability of rice seeds was reduced on NA plates if there was a high rate of 
bacterial contamination. There were five replications (petri dishes) per treatment with 
20 seeds per replication, and the experiment was conducted twice with equivalent results. 
Results from one experiment are presented.
Efficacy of disinfestation with mercuric chloride and Vitavax 200FF as 
compared to household bleach. Ten grams of nondormant rice seeds were soaked for 
2 hours at room temp in 100 ml of freshly prepared buffered (pH 7.3) bleach solution
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8(2.6% NaOCl) as described above by diluting household bleach with 0.6 M phosphate 
buffer (1:1, v:v) and in HgCU solutions prepared in distilled water and adjusted to 500,
1,000, 2,000, 3,000, 4,000, and 5,000 ^g/ml (1.85, 3.69, 7.38, 11.07, 14.76 and 18.45 
mM, respectively). An unbuffered bleach solution prepared with distilled water and 
sterile distilled water treatments also were included. Seeds were then rinsed four times 
with sterile distilled water as described above. A separate treatment was included in 
which seeds were treated with Vitavax 200FF (17.5% carboxin and 17.5% thiram, 2.5 
ml/kg seed) (Gustafson, McKinney, TX) (2.25) as another means of reducing fungal 
contamination. Seeds were assessed for bacterial and fungal contamination as described 
above. There were five replications (petri dishes) per treatment with 20 seeds per 
replication, and the experiment was conducted twice with equivalent results. Results 
from one experiment are presented.
Effect of sodium hypochlorite on rice seedling growth. We attempted to 
separate the possible direct effect of hypochlorite on seedling growth from an indirect 
effect related to disinfestation. These two effects were separated by first disinfesting 
seeds with 1,000 ptg/ml (3.69 mM) HgCl2 followed by treatment with NaOCl. In 
addition, Vitavax 200FF was used as another seed disinfestant. Seeds were immersed 
for 2 hrs in each of two solutions (or water) in the following treatments: 1) sterile 
distilled water followed by sterile distilled water, 2) seeds treated with Vitavax 200FF 
(2.5 ml/kg seed) soaked in sterile distilled water for 4 hrs, 3) HgCl2 followed by sterile 
distilled water, 4) HgCl2 followed by KH2P04 (0.3M), 5) HgCl2 followed by 2% NaCl,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
96) HgCL followed by NaOCl (2.6% for bleach and 2-3% for reagent-grade NaOCl), and
7) NaOCl (2.6% for bleach and 2-3% for reagent-grade NaOCl) followed by sterile 
distilled water. Mercuric chloride followed by 2 % NaCl was included to test the effect 
of NaCI on seedling growth because commercial bleach (Clorox) contains 4% NaCl. 
Sodium hypochlorite solutions were prepared by diluting (1:1, v:v) household bleach or 
reagent-grade NaOCl with 0.6 M potassium phosphate which gave a final pH of 7.3. 
After treatment, seeds were planted in sterilized covered giass storage dishes which 
contained 50 cc sterile soil and 100 ml of sterile buffered water (pH 7.1, 1.0 mM 
phosphate). They were incubated in a growth chamber at 30/30°C (day/night) with 12 
hr photoperiods for 10 days at which time the lengths and dry weights o f shoots and roots 
were measured. There were four replications per treatment, with 25 plants per 
replication. The first experiment was conducted with household bleach and the second 
experiement with reagent-grade sodium hypochlorite.
RESULTS AND DISCUSSION 
Bacteria were not recovered from rice seeds following immersion in bleach 
solutions (50% bleach, 2.6% NaOCl in 0.5 M potassium phosphate) at or below pH 7.0, 
while fungi were eliminated most effectively at pH 5.0 and below (Table 2.1). Buffer 
solutions without NaOCl did not affect levels of seed infestation (data not shown). 
Compared to higher pH values, seed germination was significantly lower at pH 3-5 
(Table 2.1) but was not affected at pH 2. This may have been a response to a lower 
concentration of HOC1 at pH 2.0 relative to higher pH values (2.1). Brazis et al. (2.2)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 2.1. Influence of pH of household bleach solutions on bacterial and fungal 
contamination of rice seeds and seed germination
pH"
Percent contamination with 
Bacteria Fungi Percent germination
2 0a* 3a 89c
3 0a 0a 42a
4 0a 0a 78b
5 0a 0a 82b
6 0a 9a 89c
7 0a 22b 95cd
8 100c 79d 95cd
9 100c 39c 96cd
Unbufferedy 30b 39c lOOd
Control2 100c 96e 97cd
w The pH of household bleach solutions was adjusted with (1:1, v:v) 1.0 M phosphoric 
acid (pH 2), 1.0 M potassium phosphate (pH 3-7), and 1.0 M Tris-HCl (pH 8-9). 
x Means followed by the same letters within columns are not significantly different 
(Student-Newman-Keuls test, P=0.05) (2.24). Statistical analyses were conducted 
following arcsine transformation of percent contamination (2.24). 
y pH of unbuffered bleach was about 11.6. 
z Sterile buffered water.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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reported that the bactericidal activity of HOC1 is about 100-fold greater than OC1', and 
this may explain why solution pH has such a marked effect. As pH declines from 10.0 
to 5.0 in a solution with a given concentration of NaOCl, the concentration of HOC1 
increases while that of OC1' decreases. As pH declines from 5.0 to 1.0, the 
concentration of HOC1 declines, while that of CU increases (2.1). Mercuric chloride at 
1,000 /xg/ml resulted in about the same level of disinfestation as bleach at pH 7.3 (Table 
2.2). The fungicide treatment significantly reduced fungal contamination, but bacterial 
contamination was relatively unaffected (Table 2.2).
The pH of 50% household bleach prepared in distilled water (2.6% NaOCl) was 
about 11.6. Our results showed that buffering the pH of bleach solutions to 7.0 
significantly increased the efficacy of disinfestation. Efficacy of disinfestion with bleach 
solutions is dependent upon NaOCl concentration, pH, water quality, storage condition, 
and age of the solution (2.1,2.10). These variables often are not considered or fully 
documented, which may account for inconsistent results in the literature (2.1,2.8).
The antimicrobial properties of hypochlorite solutions are affected by an 
equilibrium between the chlorine compounds present (2.1,2.2). When hypochlorite is 
dissolved in water, it produces HOC1, and HOC1 dissociates reversibly into H+ and OCl' 
with the final equilibrium dependent upon solution pH (2.1,2.2,2.10). Disinfestation 
with hypochlorite is best achieved at about pH 5 and increases with higher temperature
(2.1,2.22,2.23), but the stability of hypochlorite solutions decreases under these 
conditions (2.1,2.10). Recently, Robbs et al. (2.21) showed that initial oxidation-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 2.2. Efficacy of surface sterilization of rice seeds with Vitavax 200FF, mercuric 
chloride and household bleach
Treatments Percent of seed contaminated with
Bacteria Fungi
Control" 98ez lOOf
Vitavax 200F F 85d 18ab
HgCl2 (5Q0)W 21b 45 d
HgCU (1,000) 9a 45d
HgCU (2,000) 9a 40d
HgCU (3,000) 3a 27c
HgCU. (4,000) 2a 25bc
HgCU (5,000) 2a 13a
Household bleach (pH 11.6)x 41c 61e
Household bleach (pH 7.3)y 3a 43d
“ Sterile distilled water.
v Composed of 17.5% carboxin and 17.5% thiram (2.25). Treated seeds were soaked 
in sterile distilled water for 2 hrs.
w Numbers in parentheses are the concentrations of mercuric chloride (pig/ml).
x 50% household bleach (2.6% NaOCl) in distilled water.
y pH of household bleach was adjusted (1:1, v:v) with 0.6 M potassium phosphate
buffer.
z Values followed by the same letters within columns are not significantly different 
(Student-Newman-Keuls test, />=0.05). Statistical analyses were conducted following 
arcsine transformation of percent contamination (2.24).
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reduction potential of hypochlorite, which was higher at pH 6.0 than at pH 8.0, was 
correlated with the toxicity of chlorine solutions to Erwinia carotovora subsp. carotovora 
and conidia of Geotrichum candidum.
Because the efficacy of seed disinfestation of HgCl2 solutions equal to or greater 
than 1,000 ^g/ml was similar to a 50% bleach solution at pH 7.3, and the solutions were 
not phytotoxic, HgCl2 was used as a control for testing the effect of NaOCl on rice 
seedling growth apart from that attributed to seed disinfestation. The only 
nonhypochlorite treatments that had statistically positive effects relative to the water- 
water control were HgCl2-water and HgCl2-NaCl on root dry weight (Table 2.3). It is 
possible that HgCl2 eliminated seedbome contaminants that reduced root growth. These 
results suggest that roots and shoots responded differently to hypochlorite with shoot 
growth being more responsive. We cannot rule out the possibility that NaCl had a 
beneficial effect on root dry weight in these experiments. However, when the 
experiment was repeated with reagent-grade NaOCl, the direct stimulatory effect was 
unambiguous. Except for root length in the HgCl2-water treatment, plant growth 
parameters were significantly greater in all reagent-grade NaOCl treatments (Table 2.4). 
Aside from the antimicrobial properties of hypochlorite, we present evidence that it acts 
directly to stimulate rice seedling growth. Seedling growth was significantly greater after 
seed treatment with HgCl2 followed by NaOCl (pH 7.3). This effect was not related to 
disinfestation, phosphate or NaCl in that the treatments that included HgCl2-water, 
HgCl2-KH2P 0 4, or HgCl2-NaCl did not result in increased seedling growth. Our
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 2.3. Effect of household bleach, Vitavax 200FF and mercuric chloride 
combinations on rice seedling growth in a growth chamber
Treatmentsr Shoot
length (cm)
Root
length (cm)
Shoot
dry weight (mg)
Root
dry weight (mg)
Water-wateri 5.0ay 3.5a 2.3a 1.2a
HgCl2-wateri 5.0a 5.0ab 3.0a 2.8b
HgCl2-KH2P 0 4v 4.9a 4.6ab 2.8a 1.8a
HgCl2-N aC r 5.3a 5.0ab 2.9a 3.1c
HgCl2-bleachx 6.8b 5.7b 4.1b 3.2c
Bleach-wateri 7.0b 7.1c 4.2b 3.2c
r Seeds were soaked for 2 hours in the first solution then 2 hours in the second solution. 
s Control (sterile distilled water).
‘ Composed of 17.5% carboxin and 17.5% thiram (2.25). Treated seeds were soaked in 
sterile distilled water for 4 hrs. 
u Concentration of HgCl2 was 1,000 pig/ml (3.69 mM). 
v Final concentration=0.3 M KH2P 04. 
w 2% NaCl.
* Household bleach was diluted (1:1, v:v) with 0.6 M potassium phosphate, final pH 7.3. 
y Values followed by the same letters within columns are not significantly different 
(Student-Newman-Keuls test, P=0.05) (2.24).
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Table 2.4. Effect of reagent-grade sodium hypochlorite and mercuric chloride on rice 
seedling growth in soil in glass storage dishes
Treatments' Shoot 
length (cm)
Root
length (cm)
Shoot
dry weight (mg)
Root
dry weight (mg)
Water-water“ 5.4ay 4.0a 2.2a 1.4a
HgCl2-waterv 5.7a 4.9bc 2.9a 2.2a
HgCla-HgCl8v 5.5a 4.2a 2.8a 2.2a
HgCU-KH2POw4 5.3a 4.1a 2.4a 1.7a
HgCl2-NaOClx 7.1b 6. led 3.8b 3.2b
N aO Cl-watef 7.8b 6.6d 3.7b 3.2b
1 Seeds were soaked for 2 hours in the first solution then 2 hours in the second solution. 
" Control (sterile distilled water). 
v Concentration of HgCU was 1,000 jig/ml (3.69 mM). 
w Final concentration =0.3 M KH2P04.
x 4-6% reagent-grade NaOCl was diluted (1:1, v:v) with 0.6 M potassium phosphate, 
final pH 7.3.
y Means followed by same letters within columns are not significantly different 
(St udent-Newman-Keuls test, P=0.05) (2.24).
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observations of the plants suggest that hypochlorite promoted growth by stimulating the 
development of primary leaves after emergence of the coleoptile. In related studies, Hall 
(2.9) reported that treatment of sweet potatoes (Ipomoea batatas (L.) Lam.) with calcium 
hypochlorite reduced the time interval from bedding to first plant harvest. Fieldhouse 
and Sasser (2.5) reported that residual sodium hypochlorite significantly increased the 
rate of emergence of pepper seedlings (Capsicum annuum L.) and dry weight of the 
above ground portions of plants. When sodium hypochlorite-treated seeds were acid- 
rinsed, there were no significant differences between the acid-rinsed NaOCl treatment 
and nontreated control (2.5). However, Cantliffe and Watkins (2.3) reported that NaOCl 
reduced the rate of pepper seed germination but total percent germination was not 
affected. These contrasting results may have been caused by procedural differences. The 
former and latter authors used the same concentrations of NaOCl (1 % available chlorine) 
but soaked their seeds for 5 and 40 min, respectively.
Sodium hypochlorite has been used to break seed dormancy in several plant 
species including wild oat (Avena fatua L.), green needlegrass (Stipa viridula Trin), wild 
buckwheat (Polygonum convovulus L.), cow cockle (Saponaria vaccaria L.), Bouteloua 
curtipendula (Michx.) Torr. and root parasites such as Aeginetia indica L. and Alectra 
vogeli Benth (2.6,2.7,2.11,2.12,2.13,2.14,2.15,2.18). The promotion of rice seedling 
growth by hypochlorite reported here is not related to the alleviation of seed dormancy 
in that seed germination in nonhypochlorite treatments was essentially 100% (Table 2 .1). 
Furthermore, it is commonly known that rice seeds from short maturing varieties do not
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require a dormant period (2.17,2.19,2.20). Mikkelsen and Sinah (2.17) reported that 
dilute solutions o f NaOCl enhanced seedling growth, and they suggested that a 
germination inhibitor was inactivated in the rice seed hull, although direct evidence was 
not presented. We saw no evidence for such an effect in an experiment in which rate and 
percent germination of rice seeds at 30°C were measured following treatments with 
NaOCl and water. Less than 2 days were required for 50% germination in both 
treatments, and final germination was 97%.
A precipitous decline in populations of biocontrol bacteria was observed when 
bacteria were inoculated onto rice seeds previously treated with bleach solutions adjusted 
to pH 7.0 and rinsed several times with distilled water (R.W. Schneider, unpublished). 
This was not the case when unbuffered bleach solutions were used. Apparently, distilled 
water rinses do not remove all the hypochlorite from seeds treated with buffered bleach. 
Also, toxic concentrations of chlorinated amines may have been produced on the seeds 
(2.1). However, residual hypochlorite can be removed by soaking seeds in 0.01 N HC1 
without reducing germinability (2.1). Investigators conducting experiments in which 
seeds are surface sterilized are cautioned to take into account the direct effect of sodium 
hypochlorite on seedling growth. Unless appropriate controls are included, spurious 
results may be obtained in studies involving plant growth regulators or biological control 
agents applied to seeds. The following protocol should be followed in conducting sodium 
hypochlorite experiments with rice. Hypochlorite solutions should be acidified in a fume 
hood because gaseous HOC1 and Cl2 are produced.
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INTRODUCTION
Seedling diseases, which cause stand reduction and growth abnormalities, can 
affect rice (Oryza. sativa L.) in water-seeded fields, seedbeds grown for transplanting, 
and in seed boxes used in mechanical transplanting operation (3.21). Seedling damping- 
off in rice was first described in Taiwan by Sawada (3.25) followed by reports from 
Japan (3.12) and Korea (3.24). Damping-off has not been shown to be an economic 
problem in rice in the tropics (3.17). However, Shajahan et al. (3.22) and Srinivasan 
et al. (3.23) reported the disease from Bangladesh and India, respectively. In the 
U.S.A., it was reported in water-seeded rice in California (3.21) and Louisiana
(3.13.3.14.3.18.3.21). One of the important seedling diseases in Louisiana is water- 
mold, also known as seed-rot or seedling damping-off. In severe cases fields must be 
replanted, which may result in delayed harvests and reduced yields (3.8).
The disease is caused by Achlya spp., Pythium spp. and at least one Fiisarium sp.
(3.21). When seeds are attacked immediately after sowing, they do not germinate or fail 
to emerge through water because endosperms or embryos may be infected by species of 
Achlya or Pythium , respectively (3.13,3.21). If the weather is favorable for plant 
growth, surviving seedlings often recover and may not be severely damaged (3.21). The 
disease usually develops when seedlings lack vigor and is often exacerbated by cool, 
cloudy weather, which retards germination and seedling growth (3.17).
In Louisiana seedling disease is most severe when seeds are sown from airplanes 
directly into flooded fields (water-seeding) (3.2,3.8,3.26). This method of planting, as
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opposed to drill seeding, circumvents problems associated with conventional planting into 
fields that may be continually wet by early season rains. Furthermore, fields can be 
prepared during the previous fall and maintained in a rain-fed flooded state throughout 
the winter and early spring. Weed control is another major benefit of maintaining a 
prolonged continuous flood followed by water seeding (3.1,3.8,3.26). [n addition, 
nitrogen use efficiency is greatly enhanced if fields can be maintained in a continuous 
flooded state after planting (3.1). Thus, seedling disease is costly not only because of 
its direct effect on stand establishment, but also because of altered water management 
practices that must be implemented as a means of cultural disease control. Cultural 
control practices consist of precision land leveling to maintain a uniform shallow flood 
and draining and reflooding shortly after planting, which stimulates root growth and soil 
penetration (3.1). With regard to shallow floods, field observations suggested that 
seedlings become resistant after shoots emerge from the water, though no report was 
found in which this question was addressed with controlled experiments. The use of 
pregerminated seed, as opposed to dry seed, is another practice that, until recently, was 
widely used. This involves loading seeds into large porous bags, dunking them in a large 
tank of water, allowing them to drain while remaining wet, then planting the 
pregerminated seeds within one or two days from airplanes. Sowing pregerminated seed 
results in faster emergence through flood water and less seedling disease. However, this 
practice is being discontinued because of environmental problems associated with 
disposing of the water from the dunk tanks (D. E. Groth, personal communication).
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The objectives of this research were to determine 1) the sites of infection in rice 
seedlings by Pythium spp. in pregerminated and dry-planted seed; 2) the minimum 
exposure time required for damage (pathological effects); 3) the effect of plant age on 
susceptibility to Pythium spp; and 4) the effect of water depth on infection. It was felt 
that this information would be useful in devising or improving cultural, chemical and 
biological control measures.
MATERIALS AND METHODS
The pathosystem. Twenty grams of rice seeds (cv. Lemont) were soaked for 
2 hrs in a freshly prepared 50 % household bleach (Clorox, Oakland, CA) solution (2.6 
% NaOCl) adjusted to pH 7.3 with a final concentration of 0.3M KH2P 0 4 (3.3). Seeds 
were then rinsed four times with 300 ml sterile distilled water. Dry-planted seeds were 
sown immediately, while pregerminated seeds for the study of infection sites of Pythium 
spp. were incubated in sterile buffered water (pH 7.1, 1.0 mM potassium phosphate 
buffer) in test tubes for 4 hr, drained, then incubated at wet condition for an additional 
2 days at room temperature before being planted.
Soil was autoclaved for 30 min on each of two consecutive days, and 50 cc were 
added to each sterilized glass storage dish (80x100 mm) containing 100 ml of sterile 
buffered water. Inoculum was prepared by transferring mycelial plugs of the Pythium 
spp. from corn meal agar plates into 250 ml Erlenmeyer flasks containing 100 ml of 
potato dextrose broth and incubating on a rotary shaker (100 rpm) at room temperature 
for 7 to 10 days. The mycelial masses were collected on a 0.5-mm-mesh sieve and
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washed five times with sterile distilled water. The mycelia in sterile distilled water were 
then triturated for 10s at low speed in a blender. The optical density (600 nm) of the 
mycelial suspensions was adjusted to 1.5 using a spectrophotometer (Spectroni 601, 
Milton Roy Co., Rochester, NY). Ten disinfested rice seeds were planted in each glass 
storage dish, and 1.5 ml of mycelial inoculum of P. arrhenomanes Drechsler (strain 
1398), P. myriotylum Drechsler (strain 1397) or P. dissotocum Drechsler (strain 1374) 
were added to each dish. The same strain of each species was used throughout this study 
unless indicated otherwise. These strains were selected because they were the most 
virulent of all strains tested within the respective species (R. W. Schneider, personal 
communication). There were five dishes (replications) per strain. The dishes were 
placed in a growth chamber set at 30°C/20°C (day/night) with 12 hrs light per day. The 
light source was four 40 watt cool white fluorescent bulbs.
Dissection of rice seeds and seedlings and recovery of Pythium  spp. Seeds 
and seedlings were collected from the storage dishes at 1, 3, and 5 days after planting, 
rinsed with sterile distilled water, and dipped in 70% alcohol. Seeds were dissected with 
the aid of a stereo microscope into embryos or scutellar remains of the embryos (after 
removing elongated shoots and roots if present) and endosperms. The dissected parts 
were plated on a Pythium-selective medium (PV, consisting of 25 mg 
pentachloronitrobenzene, 300 mg vancomycin HCl, 10 mg pimaricin) (3.16) amended 
with spectinomycin (300 ^g/ml) (J. W. Hoy, personal communication) to recover 
Pythium spp. The number of Pythium-infected parts was monitored for 5 days after
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incubation at 28°C with 12 hr of fluorescent light per day. Also, the seedlings with roots 
were counted to determine if Pythium spp. inhibited root development. These 
experiments were repeated once with different sampling times, 2, 4, and 6 days after 
planting, and the results were equivalent. Results from one experiment are presented.
Use of metalaxyl in etiological studies. Metalaxyl [Ridomil 2E (25.1 % N-(2,6- 
dimethyl-phenyl)-N-(methoxyacetyl) alanine methyl ester, Novartis Corp., Greensboro, 
NC), a fungicide with activity against Pythium spp., was used to inhibit infection in 
certain etiological studies. However, before those studies could be conducted, it was 
necessary to determine the fungicide concentrations that inhibited Pythium but caused a 
minimal phytotoxic response in rice seedlings under growth chamber conditions. 
Mycelial blocks (2X2 mm) of P. arrhenomanes from a corn meal agar (CMA) plate were 
transferred to CMA plates amended with metalaxyl at 0, 20, 40, 100, and 200 /zl 
formulated product per L. Radial growth was determined by measuring colony diameters 
on two axes in each plate incubated at 28°C every day for 5 days.
Different concentrations of metalaxyl (0, 20, 40, 100 and 200 /d formulated 
product per L) were prepared with sterile buffered water (pH 7.1). Twenty-five rice 
seeds were planted in each storage dish containing 50 cc soil autoclaved for 30 min on 
each of two consecutive days and 100 ml of sterile buffered water amended with 
metalaxyl as described above. Seedling emergence through the water and shoot and root 
dry weights were determined 10 days after planting. There were four replications, and
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the experiment was repeated once with equivalent results. Results from one experiment 
are presented.
Minimum exposure time required for pathological effects by Pythium  spp.
After seeds were planted in storage dishes containing infested soil and water as described 
above, the water was amended with metalaxyl at the rate of 40 ptl/L (formulated product) 
at daily intervals up to 10 days after planting. Seedling emergence through the water was 
determined 10 days after application of metalaxyl. Experimental treatments were 
considered to be the number of days after planting at which metalaxyl was added.
The effect of plant age on susceptibility to Pythium spp. Pythium  spp. were 
inoculated into storage dishes, as described above, at daily intervals from 0 to 8 days 
after seeds were planted. Seedling emergence through the water and total plant dry 
weights were determined 10 days after inoculation. The experiment was repeated once 
with equivalent results. Results from one experiment are presented.
The effect of water depth on susceptibility to Pythium spp. Storage dishes 
were prepared and incubated as described above except that two volumes of sterile water 
were used. Water depths of 1.5 cm and 4.5 cm were achieved by adding 100 ml and 300 
ml, respectively. The storage dishes were inoculated as described above with inoculum 
of P. arrhenomanes at 0, 2 and 4 days after planting and with P. dissotocum at 0 days 
only. The amount of inoculum added to each storage dish, 1.5 ml, was the same for 
both water depths because the trimrated mycelium settles to the soil surface within a few 
hours. The situation would have been different if the inoculum had remained suspended
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in the water because inoculum density would then have been a function of 
propagules/cm3 of water. However, with the inoculum settling, propagules/cm2 soil 
surface would not be affected by water depth. Seedling emergence through water was 
determined at 14 days after planting. The experiment was repeated once with equivalent 
results. Results from one experiment are presented.
RESULTS
Infection sites of Pythium spp. in germinating rice seeds. Endosperm 
infection in dry-seeded rice was 30% for P. arrhenomanes, 6% for P. myriotylum and 
42% for P. dissotocum at 5 days after inoculation (Fig. 3.1). In contrast, infection of 
embryos or scutella was 80% for P. arrehenomanes, and 56% for P. myriotylum and 
82% for P. dissotocum at 5 days after inoculation, and shoot infection was 100% for P. 
arrhenomanes, 92% for P. myriotylum and 91% for P. dissotocum. The Pythium spp. 
used in these studies did not cause necrosis on shoots or roots, rather they retarded shoot 
and root growth or caused morphological abnormalities such as twisted shoots.
Infection of pregerminated seeds contrasted sharply with that of dry-seeded 
seedlings (Fig. 3.1). For example, at 3 days after infection, embryo or scutellum 
infection by P. arrhenomanes, P. myriotylum, and P. dissotocum in the dry-seeded 
treatments was 28, 4 and 36%, respectively, and 98, 62, and 96%, respectively, in the 
pregerminated treatments. The same trends were apparent for infection of shoots, roots, 
and endosperms (Fig. 3.1). Pythium arrhenomanes was particularly noteworthy in its 
ability to infect shoots, roots, and embryos or scutella, but not endosperms, within 3 days
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Fig. 3.1. Infection of rice seed and seedling parts by Pythium arrhenomanes, P. 
myriotylum and P. dissotocum as a function of time after inoculation in a growth 
chamber. Error bars indicate standard error o f the mean.
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after inoculation (Fig. 3.1). Seedling root development in the dry-seeded treatments was 
significandy reduced by the three Pythium spp. At 5 days after inoculation, 88-94% of 
the noninoculated seedlings had roots while 4, 10 and 24% of seedlings in the dry-seeded 
treatments had roots following inoculation with P. arrhenomanes, P. myriotylum, and P. 
dissotocum, respectively (Table 3.1). In contrast, 52, 46 and 100% of seedlings in the 
pregerminated treatment had roots following inoculation with P. arrhenomanes, P. 
myriotylum, and P. dissotocum, respectively (Table 3.1).
Use of metalaxyl in etiological studies. Radial growth of P. arrhenomanes was 
reduced by 90% relative to the control at 20 /d/L metalaxyl. Metalaxyl at up to 100 pdlL 
did not affect seedling emergence through the water or shoot length, root length, or root 
dry weight relative to the control. However, shoot dry weight was sensitive at levels 
below 100 /xl/L (Table 3.2).
M inimum exposure time for pathological effect and effect of plant age on 
susceptibility to Pythium  species. Seedling emergence through the water, relative to 
the noninoculated control, was sharply reduced by P. arrhenomanes and P. myriotylum 
following 2 to 3 days of exposure to inoculum (metalaxyl applied after 2-3 days) (Fig. 
3.2) at 30°C/20°C (day and night). However, inoculation with P. dissotocum resulted 
in a gradual reduction in seedling emergence through the water over the 6-day period of 
exposure (Fig. 3.2). For P. dissotocum, there was a significant inverse linear
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Table 3.1. Root development in rice seedlings following inoculation with Pythium species
Treatment Percent* o f plants with roots following inoculation with
P. arrhenomanes P. myriotylum P. dissotocum
Noninoculated (dry-seeded) 88a1 94a 88a
Dry-seeded 4c 10b 24c
Pregerminated* 52b 46ab 100a
* Seeds were soaked in distilled water for 3 hrs then drained and incubated at room temperature for 2 days.
y Statistical analysis was conducted following arcsine transformation of percent seedling emergence through the water.
* Means followed by same letters within columns are not significantly different (SNK, />=0.05).
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Table 3.2. Effect of different concentrations of metalaxyl on emergence and seedling growth in rice
Concentration 
of formulated 
product (fxl/L)
Seedling
emergence
(Percent)y
Shoot* Root*
Length (cm) Dry weight (mg) Length (cm) Dry weight (mg)
0 91a1 6.2a 3.0a 5.3a 2.4a
20 92a 5.3ab 2.3b 4.7a 1.7a
40 89a 5.8ab 2.8a 5.1a 2.3a
80 87a 5.6ab 2.3b 5.0a 2.0a
100 90a 5.8ab 2.6b 5.5a 2.1a
200 91a 4.5b 1.9c 5.1a 1.6a
* Seeds were planted in storage dishes containing 50 cc steam-sterilized soil and 100 ml of sterile 
buffered water amended with metalaxyl (formulated product). Measurements were taken at 10 
days after planting.
y Statistical analysis was conducted following arcsine transformation of percent seedling emergence 
through the water.
* Means followed by same letters within columns are not significantly different (SNK, f*=0.05).
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Fig. 3.2. Rice seedling emergence as a function of time after planting at 
which three Pythium species were controlled by the addition of metalaxyl to 
the flood water in a growth chamber. Seedling emergence relative to control 
was gradually decreased over 6-day period by P. dissotocum. Seedling 
emergence in the noninoculated controls ranged from 72 % to 88 %.
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relationship (r = - 0.73, P=0.063) between days of exposure to inoculum and seedling 
emergence relative to the noninoculated control.
Susceptibility of rice to Pythium spp. was sharply reduced within 2-6 days of 
planting (Fig. 3.3). For P. myriotylum and P. dissotocum, there was an abrupt increase 
in resistance (as measured by emergence) at 4 and 2 days after planting, respectively, 
while for P. arrhenomanes, there was a more gradual increase in disease resistance up 
to 8 days after planting (Fig. 3.3). Plant growth, as measured by shoot and root dry 
weights, showed trends that were similar to changes in resistance (Fig. 3.3). It should 
be noted that all plants were assessed for dry weight at the same time after planting.
The effect of water depth on susceptibility to Pythium  spp. Seedling emergence 
through the water was significantly reduced by the higher water level when water in the 
storage dishes was infested with Pythium spp. at 2 and 4 days after planting for P. 
arrhenomanes and at the time of planting for P. dissotocum. In the case o f P. 
arrhenomanes, there was no seedling emergence through the water when the water was 
infested at the time of planting regardless of depth (Fig. 3.4). Results from previous 
experiments (data not shown) showed that P. dissotocum did not affect seedling 
emergence through the water regardless of water depth when inoculum was added at 2 
or more days after planting.
DISCUSSION
Our results indicate that Pythium spp. infect rice embryos during the seed 
germination process and that this infection prevents emergence through the flood water.
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Fig. 3.3. Effect of rice plant age at time of inoculation on susceptibility to Pythium 
species as determined by seedling emergence and dry weight relative to 
noninoculated controls.
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In addition, the development of roots from dry-seeded rice was significantly reduced by 
Pythium spp. It should be noted that there was no tissue discoloration associated with 
these symptoms. These effects alone may account for reduced emergence in the field. 
It is commonly observed that shoot growth is retarded and root development is greatly 
impaired while seedlings are submerged. It is at this time that growers would employ 
the cultural practice of draining their fields to promote rooting and shoot growth. 
Retarded seedling growth was eliminated following the application of metalaxyl to the 
flooded fields (R. W. Schneider, personal communication) which confirms our findings 
that Pythium is a primary etiological agent for this syndrome.
Yamauchi and Chuong (3.29) demonstrated that, in the absence of pathogens, rice 
seedling establishment was not affected by water level when seeds were sown on the soil 
surface, but seedling establishment was reduced by raising the water level when seeds 
were sown below the soil surface. However, their results should be interpreted with 
caution because our findings showed that, in the presence of Pythium spp., there was less 
emergence in deeper water.
Krishna (3.13) reported that zoospores of Pythium spp. were selectively attracted 
toward germinating rice embryos and then attacked the primary radicle (3.13). 
However, Achlya species were shown to preferentially infect seed coats and endopserms 
(3.13,3.27). Also, Webster et al. (3.27) suggested that the failure of seed to germinate 
and the failure of seedlings to emerge through flood water may be caused by a weakening 
of the seedling through utilization of the energy reserve (endosperm) by Achlya klebsiana
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(Pieters) rather than direct damage to the germinating embryo. This does not appear to 
be the case with Pythium spp. Similar to our findings, Hering et al. (3.10) reported that 
there was a higher incidence of infection of embryos of wheat (Triticum aestivum L.) 
seeds by P. irregulare Buisman and P. ultimum Trow var. sporangiiferum Drechs. 
compared to that of the endosperm. Furthermore, they concluded that the variable 
stunting of seedlings and especially the abnormally short and twisted first true leaves of 
wheat seedlings grown in Pythium-infested soil (3.4,3.5) apparently were the result of 
early embryo infections. Such symptoms also were observed in rice in the present 
studies. In addition, wheat seeds pregerminated for only 2 days on moist filter paper 
then transplanted to soil infested with Pythium showed none of these symptoms and were 
indistinguishable from seedlings grown in Pythium-irte soil (3.10). These results are 
remarkably similar to ours in that the Pythium spp. used in this study did not cause tissue 
damage, rather they retarded shoot growth or caused morphological abnormalities.
According to Arndt (3.2), 6-day-old cotton plants were more susceptible than 
were 12-day-old plants to Pythium ultimum Trow, which caused root necrosis and 
stunting at 24 and 27°C. Red clover (Trifolium pratense L.) and Ladino white clover 
(Trifolium repens L.) developed complete resistance against Pythium debaryanum Hesse, 
P. ultimum Trow, and P. irregulare Buisman within 2 days of germination (3.9). Also, 
similar to our findings, seedlings became resistant more quickly to the less virulent 
strains than those that were more virulent (3.9).
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Hooker and Dickson (3.11), in studying the effect of temperature on resistance, 
demonstrated that corn embryos excised from kernels that had been germinated at 24°C 
were resistant to Pythium after 3 days, whereas embryos from kernels germinated at 12°C 
required about 15 days to reach the same level of resistance. The nature of resistance to 
Pythium spp. exhibited by older plants is not known, but resistance mechanisms based 
on (i) differences in host exudates; (ii) differences in cell walls of the host; and (iii) 
production of toxic compounds by the host have been reported (3.15). Flentje (3.6) 
demonstrated that Pythium grew more on exudates from germinating susceptible pea 
seeds than on exudates from resistant seeds. Less sucrose was exuded from resistant as 
compared to susceptible varieties (3.6).
Our findings suggest that seedling disease in water-seeded rice should be 
amenable to biological control. Seedlings need be protected for a very short period of 
time, as little as 2 or 3 days under our test conditions, before they become resistant. In 
addition, the infection court is confined to a specific plant organ, the developing embryo, 
as opposed to the endosperm, the entire root system, or root tips. Thus, an introduced 
organism need not establish a high population on several plant organs for indefinite 
periods of time. It is these requirements that have frustrated investigators in their 
attempts to achieve biological control of such pathogens as Gaeumannomyces graminis 
(Sacc.) Arx & D. Olivier var. tritici (J. Walker) on wheat because it infects older roots 
throughout the life of the plant (3.28). Finally, one of the most limiting factors in the
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successful utilization o f biological control agents, the continuous availability of free
moisture (3.7,3.19,3.20), is not a constraint in water-seeded rice.
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INTRODUCTION
One of the methods for planting and growing rice is water-seeding, which refers 
to the practice of planting rice seed from aircraft directly into flooded fields (4.1). In 
drill-seeding, the seeds are planted in furrows with ground equipment, as would be done 
with wheat or other cereal crops, and then irrigation water is added incrementally as the 
seedlings grow, but the plants are never intentionally submerged. Water-seeding is 
preferred for several reasons including weed control, which is achieved by maintaining 
a continuous flood, and more efficient use of irrigation water (4.10). However, a 
primary constraint on early season water-seeding is seedling disease, which is favored 
by cool, cloudy weather (4.1,4.11,4.19).
Seedling diseases, causing stand reduction and growth irregularities can affect rice 
in water-seeded fields, seedbeds grown for transplanting, and in seed boxes used for 
mechanical transplanting (4.21). One of the important seedling diseases in Louisiana is 
water mold, also known as seed rot or seedling damping-off. This disease is caused by 
Achlya spp., Pythium spp. and at least one Fusarium sp. (4.21). When seeds are attacked 
immediately after sowing, they do not germinate or fail to emerge through water because 
endosperms are destroyed or embryos are infected with Achlya or Pythium spp., 
respectively (4.16,4.21). If the weather is favorable for plant growth, surviving 
seedlings may continue to grow in spite of the disease and may not be severely damaged
(4.21).
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In order to reduce seedling disease, cultural control practices may be 
implemented, consisting of precision land leveling in order to maintain a uniform shallow 
flood and draining and reflooding which stimulates root growth and soil penetration 
(4.1). With regard to shallow floods, field observations suggest that seedlings become 
resistant after shoots emerge from the water, though no report was found in which this 
question was addressed with controlled experiments. The use of pregerminated seed, as 
opposed to dry seed, is another practice that, until recently, was widely used. This 
involves loading seeds into large porous bags, dunking them in a large tank of water, 
allowing them to drain while remaining wet, then planting the pregerminated seeds within 
one or two days from airplanes. Sowing pregerminated seeds results in faster emergence 
through flood water and less seedling disease. However, this practice is being 
discontinued because of environmental problems associated with disposing of the water 
from the dunk tanks (D. E. Groth, personal communication).
One of primary constraints in the utilization of bacterial biological control agents 
is the discontinuity of favorable moisture regimes (4.18). Periodic occurrences of dry 
conditions cause bacterial populations to decline below minimum levels required for 
disease control. Water-seeded rice offers an ideal system for the application of bacterial 
biocontrol agents (4.22). Seeds could be inoculated and then planted immediately in 
flooded fields.
Although water-seeded rice offers an ideal system with respect to moisture regime 
for introducing and maintaining a population of bacteria, other factors also must be
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considered in order to optimize the process. It is assumed that an introduced strain must 
be able to establish itself and maintain an effective population for a minimum period of 
time at the sites of infection. Previous research (Chapter III) established that, in rice, 
Pythium spp. attack embryonic tissue (shoot, radicle and scutellum) and that this tissue 
is susceptible for 2 to 4 days after planting. Thus, an effective population of the 
biocontrol agents must be maintained for a relatively short time, and developing roots 
need not be colonized by the introduced strains. In light of the above, it was concluded 
that it might be possible to afford a competitive advantage to introduced bacterial strains 
by providing them with a substrate that could be readily utilized as a carbon source via 
a seed coating formulation. This strategy could be assessed and implemented only if a 
substrate could be identified that was utilized by the introduced strain but not by the 
pathogen. The objectives of the present study were to determine if there were differences 
in carbon utilization between selected Bacillus spp. used as biological control agents and 
Pythium spp. which cause seedling disease in rice. Carbon sources that were utilized 
preferentially by the Bacillus spp. would then be evaluated as amendments to seed 
coating formulations.
MATERIALS AND METHODS 
Carbon utilization by Bacillus and Pythium species. Carbon utilization was 
determined in 96-well plastic microplates, designated by the manufacturer (Biolog, 
Hayward, CA) as SFP, SFN and YT and used to identify spore-forming bacteria, 
nonspore-forming bacteria, and yeasts, respectively. All wells in each plate were
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prefilled by the manufacturer with a nutrient base and each well contained a different 
carbon source (approximately 0.35 to 0.84% for carbohydrates and approximately 0.16% 
for all other substrates) (Ziva Abraham, Biolog, Hayward, CA, personal 
communication). The SFP and SFN plates did not contain tetrazolium indicator.
The following Bacillus and Pythium species and strains were included: B. 
megaterium (91-51, 91-21, 91-13b), B. cereus (91-12, 91-126), B. filicolonicus (91-19, 
91-23), B. thuringiensis (91-26), B. brevis (91-110), P. arrhenomanes (1398), P. 
dissotocum (1374) and P. myriotylum (1397).
Single colonies of each of the strains grown on nutrient agar were suspended in 
300 ii\ of sterilized buffered (pH 7.0, 1.0 mM phosphate) water. These suspensions 
were spread on fresh nutrient agar plates that were then incubated at 28C overnight. The 
next day bacterial lawns were swabbed from the plates with sterile cotton swabs that were 
then agitated in sterile buffered water. The bacterial suspensions were adjusted to 
turbidities of 0.100 to 0.110 at 600 nm. Mycelia of the Pythium spp. were harvested 
from potato dextrose broth cultures after 7 to 10 days incubation on a rotary shaker (100 
rpm) at room temperature. Mycelia were arrested on a 1 mm mesh sieve and washed 
five times with sterile buffered water before being triturated for 10 seconds in a blender 
set at low speed. The suspension was passed through a 1 mm mesh sieve and the optical 
density of the mycelial suspension was adjusted to 0.1 at 600 nm with sterile buffered 
water.
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One hundred microliters of each of the bacterial and mycelial suspensions were 
inoculated into each well of each of the three types of Biolog microplates. Turbidities 
in each well were determined at 590 nm with an automated plate reader (Model EL311, 
Bio-Tek Instruments, Winooski, VT) after 48 hours incubation at 28C. Data from the 
microplate reader were transferred to a computer for mathematical manipulations and 
statistical analyses. Blank plates were prepared by adding 100 fj\ of sterile, buffered 
water to each well of each of the three Biolog plate types. These plates were incubated 
and read after 48 hours along with the inoculated plates and absorbance values for each 
of the blank wells were subtracted from the corresponding inoculated wells. There were 
three replications for each plate type and each strain and portions of the experiment were 
repeated twice.
Reliability of Biolog plates as indicators of carbon utilization. The reliability 
of the Biolog plates as indicators of C utilization by bacteria and fungi was unknown. 
Therefore, experiments were conducted to compare the Biolog results with those obtained 
from traditional shake cultures using a defined basal medium. Claus' (4.24) basal 
medium, consisting of KH2P04 (0.8g), K2HP04 (0.2g), CaS04.2H20  (0.05g), 
M gS04.7H20  (0.05g), NH4N 03 (0.058g), was modified by adding 10 ml of 
Schmitthener’s (4.23) minor element solution, consisting of 30 mg KH2P 04, 30 mg 
K2HP04, 20 mg M gS04.7H,0, 0.56 mg CaCl2, 2.88 mg MnCl2, 1.67 mg ZnCl2, 0.10 
mg FeCl2, and 11.60 mg of the disodium salt of ethylenediaminetetraacetic acid (EDTA) 
in one liter deionized water. On the basis of the Biolog microplate test results in which
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organic compounds were characterized as good or poor C sources for B. megaterium and 
P. arrhenomanes, the following compounds were chosen for evaluation in shake culture: 
L-arabinose, D-melezitose, D-galactose, D-melibiose, lactulose, tween 40, L-rhamnose, 
L-serine, L-histidine, L-Ieucine, maltose, cellobiose, a-D-glucose, and sucrose. 
Solutions (10 g /100 ml) were prepared for each of these compounds which were then 
filter-sterilized (0.25 fxm pore size) and added to the basal medium at the rate of 10 g/L 
for B. megaterium and 5g/L for P. arrhenomanes. One hundred microliters of 
suspensions of B. megaterium and P. arrhenomanes, prepared as described above, were 
inoculated into each 125-ml Erlenmeyer flask containing 25 ml of the defined medium. 
Bacterial growth was determined by measuring turbidities at 600 nm after 72 h incubation 
on a rotary shaker (100 rpm) at room temp. Fungal growth also was measured 
turbidimetrically after 7 days incubation on the rotary shaker. Mycelia of the Pythium 
spp. in the defined media were triturated for 10 seconds in a blender set at low speed and 
the turbidity (600 nm) of the homogenates was determined immediately. Absorbance 
values for each of the noninoculated test media were subtracted from each of the 
respective values for the inoculated media. There were three replications for each C 
source.
Utilization of various gums and carboxyl methyl cellulose by Bacillus 
megaterium and Pythium arrhenomanes. Carboxyl methyl cellulose (CMC) and two 
gums were being evaluated in separate studies as adhesive agents in seed coating
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formulations. This study was conducted to determine if these compounds could serve as 
C sources for B. megaterium (strain 91-51) and P. arrhenomanes (strain 1398).
Claus' modified basal medium, as described above, was amended (5 g/L) with 
CMC, xanthan gum, and guar gum. Nonamended flasks and those amended with a-D- 
glucose were included as negative and positive references, respectively. Twenty five ml 
of each of the sterilized media were dispensed into 125 ml Erlenmeyer flasks which were 
then inoculated with 100 y\ of bacterial suspensions prepared as described above or three 
agar plugs (ca. 1mm x 1mm) cut from an actively growing water agar culture of P. 
arrhenomanes. Growth was determined by measuring turbidities at 600 nm after 3 and 
7 days for the bacterial and fungal cultures, respectively, as described above. There 
were three replications for each treatment.
Form ulation and coating procedures. In general, seed coating formulations 
were prepared by mixing sterilized talc and bacterial suspensions (A600= 2 .4  to 2.6) in 
a 1:1 (w:v) ratio. The components were added to a large mixing bowl, and a baker's 
whisk was used to thoroughly blend the components until the slurry assumed a batter-like 
consistency. The slurry was then spread about 1 cm deep in plastic containers and 
allowed to air-dry for several days. The dried formulations were then pulverized with 
a mortar and pestle. However, the dried formulations containing 16% sugar were 
pulverized with a blender at high speed and sieved (100 ^m mesh). Rice seeds were 
coated with the formulations by first moistening the seeds with a 1 % guar gum solution 
that had been prepared in phosphate-buffered water (1.0 mM phosphate, pH 7.0).
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Approximately 15 ml of the gum solution was slowly added to 100 g seeds while they 
were being shaken. The dried talc formulation, about 50 g, was then added to the 
moistened seeds in a sealable salad bowl which was then shaken until the seeds were 
uniformly coated. The coated seeds were then air-dried on a laboratory bench for 1 or 
2 days at which time the seeds were shaken on a sieve to remove excess talc. Such 
coated seeds could be stored indefinitely without loss of viability of the bacterial strains 
(R. W. Schneider, unpublished).
Effect of carbonaceous amendments in seed coating formulations on 
biological control in a greenhouse. Disease assays were conducted in greenhouse tests. 
Approximately 300 cc of sterilized river silt-loam soil and 1.2 L deionized water (pH 
7.0) were dispensed into each disposable clear plastic salad bowl (PCA9291 Showcase 
Base, Wheeling, IL) with a capacity of about 2 L. The soil-water slurry in each bov/i 
was inoculated with 15 ml of a Pythium mycelial suspension prepared as follows. A 7 
to 10-day-old culture grown in potato dextrose broth was arrested on a sieve and 
thoroughly rinsed with a stream of distilled water. The mycelial mass was then triturated 
for 5 sec in phosphate buffered water in a blender. The turbidity o f the suspension was 
adjusted to Ago,=0.5 with buffered water, and the suspension was used immediately to 
inoculate the containers in the greenhouse. The soil-water slurry was stirred in order to 
incorporate the inoculum into the soil before it settled to the bottom of the containers. 
Fifty seeds were planted in each container, and the containers were then covered with 
plastic shade cloth (25% light transmission) until the seedlings in the noninoculated
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treatments emerged from the water (7-10 days). Numbers of emerged seedlings were 
determined about 3 weeks after the shade cloth was removed. The following reference 
treatments were included: 1) Seeds coated with talc and guar gum (referred to as the base 
treatment) as described above; 2) base treatment plus the biocontrol agent, B. megaterium 
strain 91-51; 3) noninoculated seed; and 4) seed treated with a commercially used 
fungicide (Vitavax 200FF, 17.5% carboxin and 17.5% thiram, 2.5m!/kg seed) 
(Gustafson, Mckinney, TX) (4.26). These treatments were included in Pythium-infested 
and noninoculated containers. Experimental treatments consisted of incorporating the 
following sugars into the seed coating formulations: L-arabinose, D-melezitose, D- 
galactose, D-melibiose, lactulose, glucose, sucrose and maltose. The sugars were 
incorporated into the formulations by adding them to the bacterial suspensions at 4, 8, 
or 16% for L-arabinose. Other substrates were added at 16%. Seeds were coated as 
described above after being moistened with 1 % guar gum.
Fifty seeds per replication of each of the reference and experimental treatments 
were planted as described above. The number of seedlings that emerged through the 
water was determined in each container about 4 weeks after planting. These values were 
converted to percent emergence. There were six replications per treatment and portions 
of the experiment were repeated several times.
Effect of L-arabinose on populations of rifampicin-resistant m utants of 
Bacillus megaterium  on seeds and seedlings in a greenhouse. Rifampicin-resistant 
mutants of B. megaterium, strain 91-51, were selected as follows. Twenty-five ml of
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sterilized nutrient broth were dispensed into 125-ml Erlenmeyer flasks which were then 
inoculated with a single colony from a nutrient agar plate. After 24 hr incubation at 
room temp, 100 /d of the bacterial suspension were spread on nutrient agar amended with 
50 /zg/ml rifampicin. Spontaneous rifampicin-resistant mutants were recovered, and the 
mutants were further characterized for stability of resistance to rifampicin by 10 single­
colony serial cultures on nonamended nutrient agar. After the tenth transfer, colonies 
were plated on rifampicin-amended nutrient agar, and only rifampicin-resistant strains 
were retained. Strain 91-51R2 was chosen for further studies. Formulations and 
greenhouse procedures for treatments that included both 91-51R2 and L-arabinose were 
identical to those described above except that the bacterial suspension was prepared in 
an 8 % solution of the sugar.
The following treatments were included (+  and - denote with and without, 
respectively, sugar denotes an 8% solution of L-arabinose, and Pythium denotes P. 
arrhenomanes strain 1398): 1) Base +  91-51R2 +  Pythium; 2) base +  91-51R2 - 
Pythium; 3) base - 91-51R2 +  Pythium; 4) base - 91-51R2 - Pythium; 5) base +  91- 
51R2 +  sugar +  Pythium-, 6) base +  91-51R2 +  sugar - Pythium-, 7) base - 91-51R2 +  
sugar - Pythium; and 8) base - 91-51R2 +  sugar +  Pythium. There were five 
replications per treatment.
Bacterial populations were assessed as follows. Ten seeds or seedlings were 
recovered from each container at I, 2, 4 and 6 days after planting. Populations of 
bacteria on the coated seeds before planting were considered to be the initial populations.
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The plant material from each container was vortexed in 10 ml of 0.1% sodium 
polymetaphosphate for 10 sec at room temp. One ml aliquots were removed from each 
sample and diluted in a 10-fold series. One hundred microliters of the 10*, 10's and 10* 
dilutions were added to each petri dish, 15 ml of molten, cooled nutrient agar were added 
to each dish, and the dishes were swirled. For the samples from days 4 and 6, one ml 
aliquots from each of the 10°, 10"1 and 10'2 dilutions were handled similarly except that 
the nutrient agar was amended with 50 mg/L rifampicin for determining populations of 
the rifampicin-resistant strain of B. megaterium. The plates were incubated at 28°C for 
up to 48 h before colonies were counted. Results were expressed as numbers of bacteria 
per seed or seedling. Because there were no apparent effects of Pythium on bacterial 
population dynamics, the experiment was repeated once without the Pyf/zmm-amended 
treatments.
Direct effect of L-arabinose on rice seedling growth in a growth chamber.
Rice seeds were disinfested in an atmosphere of hypochlorous acid. Seeds in a plastic 
petri dish were placed beside a 600 ml beaker containing 500 ml of buffered household 
bleach (pH 7.3 in 0.3 M potassium phosphate, Clorox, Inc, Oakland, CA) inside a sealed 
desiccator for 7 hr at room temp. Disinfestation was assessed by plating seeds on 
nutrient agar.
The disinfested seeds were used in an experiment in which the following 
treatments were imposed: I) noncoated seeds - Pythium; 2) noncoated seeds +  Pythium; 
3) seeds coated with base - Pythium; 4) seeds coated with base +  Pythium; 5) seeds
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coated with base +  arabinose - Pythium; 6) seeds coated with base +  arabinose + 
Pythium. Twenty seeds each were planted in sterilized glass storage dishes (100 mm x 
80 mm) containing 50 cc of twice-autoclaved soil and 100 ml of sterile buffered water. 
Inoculum was prepared by transferring mycelial plugs of the Pythium spp. from corn 
meal agar plates into 250 ml Erlenmeyer flasks containing 100 ml of potato dextrose 
broth and incubating on a rotary shaker (100 rpm) at room temperature for 7 to 10 days. 
The mycelial masses were collected on a 0.5-mm-mesh sieve and washed five times with 
sterile distilled water. The mycelia in sterile distilled water were then triturated for 10s 
at low speed in a blender. The optical density (600 nm) of the mycelial suspensions was 
adjusted to 1.5 using a spectrophotometer (Spectroni 601, Milton Roy Co., Rochester, 
NY). Each glass storage dish was inoculated with 1.5 ml of mycelial inoculum of P. 
arrhenomanes (strain 1398). The dishes were placed in a lighted incubator (four 40 watt 
cool white fluorescent bulbs) set at 30/30°C or 30/20°C day/night with 12 hr light per 
day, for with Pythium or without Pythium, respectively. There were four dishes per 
treatment. After 10 days incubation, seedling emergence and whole plant dry weights 
were determined.
Effect of L-arabinose on biological control of rice seedling disease in the field.
Field experiments were conducted at the LSU Rice Research Station near Crowely, LA. 
Seeds were coated with talc and 1% guar gum containing 8% L-arabinose as described 
above. The treatments were as follows: Base (talc +  guar gum), base +  L-arabinose, 
base +  (strains 91-110 & 91-21 & 91-51), base +  (strains 91-110 & 91-21 & 91-51) +
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L-arabinose, base +  strain 91-51R2, and base +  strain 91-51R2 +  L-arabinose. The 
treatments also included untreated seed and commercially prepared fungicide-treated 
seeds. Seeds were planted on April 26, 1996 at the rate 25 g/plot and the plot size was 
1.2 m x 1.5 m (equivalent to 120 pounds seed/A). Seedling emergence was determined 
on May 24, 1996, by counting the number of seedlings that had emerged through the 
flood water in three 0.093 m2 (1.0 ft2) squares in each plot. The plots were harvested 
by hand on August 28, 1996, and the panicles were dried in a screenhouse for 5 days at 
which time they were threshed. There were 4 replications per treatment, and the 
experiment with base (talc +  guar gum), base +  L-arabinose, base +  (strains 91-110 & 
91-21 & 91-51), base +  (strains 91-110 & 91-21 & 91-51) +  L-arabinose, base +  strain 
91-51R2, and base +  strain 91-51R2 +  L-arabinose. The experiments were repeated 
in another field plot.
RESULTS
Carbon utilization by Bacillus and Pythium species. Tables 4.1 and 4.2 iist 
the C substrates utilized by Bacillus and Pythium species. Three types of plates were 
used, SFP, SFN, and YT, and several of the C sources were included in more than one 
type of plate. In such cases, results from the plates were combined for statistical 
analyses.
There were large differences in C utilization between Bacillus and Pythium. 
Many C sources, such as N-acetyl-D-glucosamine, L-arabinose, and D-galactose were 
preferred by B. megaterium strain 91-51, which is the better performing biocontrol strain
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Table 4.1. Substrates utilized as carbon sources by Bacillus species as determined by Biolog microplate assays
Substrate*
B. megaterium B. megaterium B. megaterium B. cereus B. cereus
(strain 91-13b) (strain 91-21) (strain 91-51) (strain 91-12) (strain 91-126)
2, kelo-D-gluconic acid1 2, keto-D-gluconic acid 2, keto-D-gluconic acid adonitol 2'-deoxy adenosine
a-D -glueosc a-D -glucose a-D -glucose a-cyclodextrin adenosine
a-D-lactose a-D -lactose a-D -lactose a-D -glucose adenosine-5'-nionophosphak
dextrin a-m ethyl-D -galactoside a-m ethyl-D -galactoside citric acid arbutin
dextrin + D-xylose p-m etbyl-D-glucoside dextrin cellobiose a-cyclodextrin
O-fructose dextrin D -lructose cis-aconitic acid p-cyclodextrin
D-galactonic acid lactone D-l’ructose D-galactonic acid lactone D-l’ructose cellobiose
D-galacturonic acid O-galactonic acid lactone D-galclose D -m annose dextrin
D-gluconic acid D-gluconic acid D-gluconic acid D-trehalose D-fructose
D-mannitol D-melezitose D-m annitol D ,L-lactic acid D,L-a-glycerol phosphate
D-melezitose O-melibiose D-melezitose gentiobiose D-malic acid
D-melibiose D-ralTinose D-melibiose glucose-6-phosphate D-ribose
D-raflm ose D-trehalose D-lrehalose glycogen fructose-6-phosphale
O-serine gentiobiose D-raffinose glycyl-L-glutainic acid glucose-1 -phosphate
D-trehalose glycogen gentiobiose inosine glucose-6-phosphate
gentiobiose L-arabinose glycogen malonic acid glycyl-L-glutamic acid
glycogen L-asparagine lactulose maltose inosine
lactulose L-glulamic acid L-arabinose L-alanyl-glycine L-lactic acid
L-arabinose L-inalic acid L-asparagine L-malic acid L-serine
L-asparaginc L-pyroglutamic acid L-glutamic acid N-acetyl L-glutamic acid maltotriose
L-malic acid maltose L-m ahc acid N-acetyl-D-glucosam ine N-acetyl L-glutamic acid
maltose maltolriose maltose N-acetyl-D-galactosaminc N-acetyl-D-galactosamine
(table con’d) ^
On
57
•j
■3 2
§■ -f.2 «
•S. 2
8 ’S.5 2
3  * 2
0 -3 1  2  I
1  1  I  g .S IC r  P u -a -a
>> S ’ s>  >  C  ra .— -=> r: 3  3
o
•3 .-2
a.osog^1
a v•S .3 ®
o
-ISc,
§o3
§ g ."2 ."S g
B o I, I. § is
3 3 S' S ' > H•/: V] 3! 33 — 3
j
*T3
O
.2
oo
3>
j3“eo5>»
iQ oc. vs1 O>v .3•5 u88 88
2 *88Cm
O
& 6
Dl) VS" O
3 Bvs vs 2
2 S88 3
>  COp . -a
RQ ~a. -i.-i >>
o88 *2
o
>
’388
.2 .3s .23 *88a. 3* VS
uvsO
§
vsC
*CO
2
r 2'VSo
. 3
*o88
. 2 • 313
*13 5
. 2
a . c*
° a
- - ^ 2  
5 -  9! S
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(ta
ble
 
co
n’
d)
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
Substrate*
B. filicolonicus 
(strain 91-19)
B. filicolonicus 
(strain 91-23)
B. thuringiensis 
(strain 91-26)
B. brevis 
(strain 91-110)
a-cyclodextrin1 a-cyclodextrin 2'-deoxy adenosine adenosine-5' -monophospliate
a-D-glucose a-D-glucose a-cyclodextrin a-D-glucose
arbutin adenosine a-methyl-D-glucoside amygdalin
P-cyclodextrin arbutin P-cyclodextrin a-keto-glutaric acid
P-methyl-D-galactoside P-methyl-D-galactoside cellobiose P-methyl-D-glucoside
cis-aconitic acid cellobiose dextrin brom o succinic acid
cellobiose cis-aconitic acid D-fructose cellobiose
dextrin citric acid D-malic acid dextrin
dextrin +  D-xylose dextrin D-mamiose D-melezitose
D-fructose D-fiructose D-trehalose D-trelialose
D-gluconic acid D-galactonic acid lactone glucose-1 -phosphate glycogen
D-inannitol D-mannose glucose-6-phospliate glycerol
D-niannose D-melibiose glycogen glycyl-L-glutamic acid
D-melibiose D-psicose glycyl-L-aspartic acid L-glutamic acid
D-melibiose +  D-xylose D-raffmose glycyl-L-glutamic acid maltose
D-psicose D-trelialose L-asparagine maltotriose
D-raffmose lactulose maltose methyl pyruvate
D-ribose L-asparagine maltotriose N-acetyl-D-glucosamine
D-trehalose L-aspartic acid methyl-pyruvate sucorse
glycogen L-glutamic acid N-acetyl L-glutamic acid thymidine
inosine L-malic aicd N-acetyl-D-galactosamine turanose
L-glutamic acid L-proline N-acetyl-D-glucosamine tween 40
N -acetyl-D-glucosamine maltose pyruvic acid uridine
maltose N-acetyl L-glutamic acid thymidine uridine-5’ -monophospliate
maltotriose sucorse thymidine-5' -monophospliate
(table con’d)
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palatinose quinic acid +  D-xylose tween 40
pyrubic acid salicin uridine-5'-monophospliate
salicin urocanic acid
sucrose
y Each well in Biolog inicroplates coniained approximately 0.35 to 0.84%  carbohydrates and approximately 0.16%  for all other C  sources (Ziva Abraliam, 
personal communication, Biolog, Inc, Hayward, CA)
1 Turbidity in each well was measured at 600 tun in an automated microplate reader alter 48 hr incubation at 28C. Utilization of each compound was ranked, 
and the first and second rankings are listed here. All o f the compounds are listed and ranked in Appendix A.
C/l
VO
60
Table 4.2. Substrates utilized as carbon sources by Pythium species as determined by 
Biolog microplate assays
Substrate7
P. arrhenomanes P. myriotylum P. dissotocum
(strain 1398) (strain 1397) (strain 1374)
2'-deoxy adenosine1 a-D-glucose alaninamide
2, keto-D-gluconic acid a-D-lactose +  D-xylose a-D -glucose
adenosine a-methyl-D-glucoside a-m ethyl-D-glucoside
adenosine-5 ’ -monophosphate cellobiose cellobiose
a-cyclodextrin1 cis-aconitic acid dextrin
a-D -glucose dextrin dextrin  +  D-xylose
a-methyl-D-glucoside dextrin +  D -xylose D -fiuctose
P-cycIodextrin D-alanine D-m annose
cellobiose D-raffinose D-raffinose
dextrin D-trehalose D -trehalose
dextrin +  D-xylose D,L-lactic acid D ,L-lactic acid
D-ffuctose gentiobiose gentiobiose
D-mannitol glycyl-L-aspartic acid glycerol
D-melezitose glycyl-L-glutamic acid glycogen
D-melibiose L-alanine glycyl-L-glutamic acid
D-raffinose L-alanyl-glycine L-alanine
D-trehalose L-arabinose L-alanyl-glycine
fumaric acid L-asparagine L-asparagine
gentiobiose L-glutamic acid L-glutamic acid
glycogen L-lacdc acid L-histidine
glycyl-L-glutamic acid L-malic acid L-malic acid
inosine L-proline L-om ithine
maltose L-pyroglutamic acid L-phenylalanine
maltotriose maltose maltose
sorbitol maltotriose maltotriose
sucrose malonic acid y-amino butyric acid
tween 40 salicin succinic acid
urocanic acid succinic acid sucrose
tween 40 tween 40 
tween 80
y Each w ell in Biolog microplates contained approximately 0.35 to 0.84% carbohydrates and 
approximately 0.16% for all other C sources (Ziva Abraham, personal communication. Biolog, 
Inc, Hayward, CA)
z Turbidity in each well was measured at 600 nm in an automated microplate reader after 48 hr 
incubation at28°C. Utilization of each compound was ranked, and the first and second rankings 
are listed here. All o f the compounds are listed and ranked in Appendix B.
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than other strains (R. W. Schneider, personal communication) (Fig. 4.1). Glucose, 
maltose and sucrose were utilized well by most of the Bacillus species and all Pythium 
species (Tables 4.1 and 4.2 and Fig. 4.1). There were many C sources that both Bacillus 
and Pythium did not utilize (Appendices A and B and Fig. 4.1).
Validity of Biolog microplates for assessing carbon utilization by Bacillus 
megaterium and Pythium arrhenomanes. According to the Biolog assays, the following 
substrates were considered to be good C sources for B. megaterium strain 91-51: L- 
arabinose, D-melezitose, D-galactose, D-melibiose and lactulose. Likewise, P. 
arrhenomanes grew well on maltose, cellobiose, D-glucose and sucrose. B. megaterium 
did not grow well on tween 40, L-histidine, L-serine, L-rhamnose and L-leucine; and P. 
arrhenomanes did not grow well on L-arabinose, D-melezitose, D-galactose, D-melibiose 
and lactulose. All of these compounds were tested in liquid shake cultures. In general, 
those compounds that served as good C sources in the Biolog analyses also performed 
well in the shake cultures for both B. megaterium and P. arrhenomanes (Table 4.3). 
Those substrates that were identified as poor C sources by the Biolog assays also were 
validated by the shake culture experiment for B. megaterium and P. arrhenomanes.
Utilization of gums and carboxyl methylcellulose by Bacillus megaterium and 
Pythium arrhenomanes. In shake culture substrate utilization tests, P. arrhenomanes 
utilized a-D-glucose best followed by gum xanthan and CMC (Table 4.4). Guar gum 
was not utilized by P. arrhenomanes (Table 4.4). B. megaterium (strain 91-51) and its 
rifampicin-resistant mutant (strain 91-51R2) utilized a-D-glucose followed by xanthan
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Fig. 4.1. Comparative carbon utilization by Bacillus megaterium and Pythium species. 
Carbon utilization was tested with Biolog microplates. Bacteria were inoculated into wells 
and turbidity readings were made at 48 hr. Entire plates were used as water blanks, and 
readings for blank wells were subtracted from respective inoculated wells.
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Table 4.3. Comparison of Biolog microplate assays and liquid shake cultures for determining carbon utilization by Bacillus 
megaterium strains 91-51 and Pythium arrhenomanes strain 1398
Carbon source B. megaterium (91-51) P. arrhenomanes (strain 1398)
Biolog Shake culture Biolog Shake culture
ranking* Afi00(Mean ±SEM)y ranking A ^ M e a n  ±SEM)
L-arabinose
D-melezitose
D-galactose
D-melibiose
lactulose
0.706±0.015 
0.722 ±0.006 
0.766±0.006 
0.586±0.041 
0.595 ±0.004
4 
2
5 
2 
3
0.000± 0.000 
0.004 ±0.000 
0.013±0.000 
0.006±0.001 
0.000± 0.000
Tween 40
L-rhamnose
L-serine
L-histidine
L-leucine
6
8
9
10 
8
0.000±0.000
0.000± 0.000
0.000± 0.000
0.000± 0.000
0 .000± 0.000
1
4
8
9
9
0.004±0.002 
0 .021± 0.012 
0.024±0.014 
0.021 ± 0.012 
0.877 ±0.506
Maltose
Cellobiose
a-D-glucose
2
ndz
2
0.222±0.013
nd
0.289±0.051
1.118±0.025 
1.513±0.025 
1.312±0.012
(table con’d)
%
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Sucrose 2 0.215±0.002 2 0.998±0.051
Glycogen nd nd 1 1.351 ±0.036
x On a scale of 1-10, smaller numbers indicate better C sources in Biolog assays (Appendices A and B). Correlation 
coefficients (r) between Biolog rankings and growth in shake cultures were -0.86 (P=0.0002) and -0.40 (P = 0 .15) for B. 
megaterium (91-51) and P. arrhenomanes (strain 1398), respectively. 
y Growth in shake cultures was measured as turbidity at 600 nm after incubation in a defined medium for 3 and 7 days at room 
temp (22-30°C) for B. megaterium and P. arrhenomanes, respectively.
1 Not done.
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Table 4.4. Utilization of guar gum and carboxy methylcellulose by Bacillus megaterium (strain 91-51), a rifampicin- 
resistant mutant of 91-51 (strain 91-51R2), and Pythium arrhenomanes (strain 1398)
Substrate*
1398)
Turbidityy at 600 nm
B. megaterium (91-51) B.megaterium (91-51R2) P. arrhenomanes (strain
Water* 0.000dz O.OOld 0.014d
a-D-glucosex 0.476a 0.675a 1.788a
Guar gum 0.171c 0.133c O.OOOd
Xanthan gum 0.366b 0.232b 0.405b
Carboxy methylcellulose O.OOOd O.OOOd 0.067c
,v Five grams per liter were added to modified Claus' basal medium for all three strains. 
x These treatments were included as references.
y Media were inoculated with 0.1 ml of bacterial or mycelial suspensions (Awo= 0 .10). Cultures were incubated at room 
temperature (22-30'C) for 72 hrs or 7 days for bacteria and P. arrhenomanes, respectively. Turbidities of Pythium cultures 
were measured after mycelia were blended at low speed for 10 second. The spectrophotometer was zeroed with water and 
absorbance values for noninoculated media were subtracted from the values for inoculated treatments.
'l Means followed by the same letters within columns are not significantly different (Student-Newman-Keuls test, P= 0.05).
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gum and guar gum (Table 4.4). However, neither the wild type nor 91-51R2 utilized 
CMC (Table 4.4).
Effect of L-arabinose on biological control in a greenhouse. Compared to the 
untreated control, seedling emergence was significandy increased when seeds were coated 
with 8 and 16% L-arabinose regardless of whether or not the biocontrol agent had been 
added to the formulation (Table 4.5). The biocontrol agent alone did not increase rice 
seedling disease control. Furthermore, in experimental treatments that were not 
inoculated with P. arrhenomanes, seed treatment with 4 to 16% L-arabinose resulted in 
significantly higher seedling emergence compared to untreated seeds (Table 4.5).
E ffect o f different carbon sources on efficacy of biological control in a 
greenhouse. Seedling emergence was significantly increased when seeds were coated 
with L-arabinose, D-melezitose, D-melibiose, D-galactose and lactulose, which 
supported growth of the biocontrol agent but not that of P. arrhenomanes (Table 4.6). 
However, seedling disease was more severe when seeds were coated with D-glucose and 
sucrose which supported growth of B. megaterium and P. arrhenomanes. Although 
maltose belongs to the latter group, this substrate caused an increase in seedling 
emergence. Coating seeds with D-galactose without the biocontrol agent and with D- 
melibiose with the biocontrol agent increased seedling emergence to a level equivalent 
to the fungicide control (Table 4.6).
D irect effect of L-arabinose on rice seedling growth in a growth chamber. 
Coating seeds with 8 % L-arabinose or base using HOCl-disinfested seeds did not affect
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Table 4.5. Effect of concentration of L-arabinose in seed coating formulations on 
seedling emergence through water in a greenhouse
Treatment2 Percent seedling emergence (±SEM)
Base +  B.m. +  16%L-arabinose - P.a. 69 .6±1 .7
Base - B.m. +  4%L-arabinose - P.a. 66.0±8 .7
Base +  B.m. +  4%L-arabinose - P.a. 66.0±6.3
Base - B.m. +  8%L-arabinose - P.a. 65.6±8.5
FTS - P.a. 64.4±7 .9
FTS +  P.a. 61.6±6 .0
Base +  B.m. +  8%L-arabinose - P.a. 61.2±5 .6
Base + B.m. - P.a. 60.4±10.8
Base - B.m. - P.a. 58.8±3.8
Base - B.m. +  16%L-arabinose - P.a. 52 .0±7 .7
Untreated - P.a. 36.8±12.5
Base - B.m. +  16%L-arabinose + P.a. 30.4±5.5
Base + B.m. +  8% L-arabinose +  P.a. 28 .4± 4 .4
Base +  B.m. +  16% L-arabinose +  P.a. 28 .0±7 .6
Base - B.m. +  8%L-arabinose +  P.a. 27 .2±3 .4
Base - B.m. +  P.a. 16.0±6.6
Base - B.m. +  4%L-arabinose +  P.a. 15.2+8.3
Base + B.m. +  4% L-arabinose +  P.a. 10.8±3.3
Base +  B.m. + P.a. 9 .2± 4 .8
Untreated + P.a. 8 .4±4 .3
LSD (P=0.05) 1.99
LSD (P=0.1) 1.66
z Base, B.m. and P.a. indicate talc + guar gum, B. megaterium strain 91-51, and P. 
arrhenomanes, respectively. FTS (fungicide-treated seed) indicates that seeds were 
treated with Vitavax 200FF (17.5% carboxin and 17.5% thiram, 2.5ml/kg seed) 
(Gustafson, McKinney, TX) (4.26). The sugars were incorporated into the 
formulations by adding them to the bacterial suspensions at 4, 8, or 16% for L- 
arabinose. These bacterial/L-arabinose suspensions were mixed (1:1, v:w) with talc 
and allowed to dry at room temp.
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Table 4.6. Effect of different carbon sources on biological control o f rice seedling 
disease caused by Pythium arrhenomanes in a greenhouse
Treatm ent'’' P ercen t seedling 
em ergence (±S E M )
G row th oP 
B.m. P.a.
U ntreated -  P.a. 7 1 .6 ± 6 .3 7 na* na
Base +  B.m. +  D-m altose - P.a. 7 1 .2 ± 5 .7 1 + +
Base +  B.m. - P.a. 69.6 ± 4 .2 6 na na
Base - B.m. +  sucrose - P.a. 67.6 ± 2 .9 3 + +
‘FTS - P.a. 6 7 .6 ± 5 .6 0 na na
Base +  B.m. +  D-galactose - P.a. 66.8 ± 1 .6 2 + -
Base - B.m. +  D-lactulose - P.a. 65.2 ± 1 .9 6 -
Base - B.m. +  D-galactose - P.a. 6 4 .4 ± 4 .5 3 + -
Base - B.m. +  L-arabinose - P.a. 63.6 ± 6 .6 8 + -
Base - B.m. +  D-melibiose - P.a. 63.2 ± 3 .5 0 + -
Base +  B.m. +  D-lactulose - P.a. 62.8 ± 6 .0 2 + -
Base - B.m. - P.a. 62.8 ± 2 .3 3 na na
Base +  B.m. +  L-arabinose - P.a. 6 2 .4 ± 2 .3 2 + -
Base +  B.m. +  D-melibiose - P.a. 62.0 ± 2 .5 3 4. -
Base - B.m. +  D-galactose +  P.a. 6 0 .8 ± 5 .5 4 + -
Base +  B.m. +  D-melizitose - P.a. 6 0 .4 ± 7 .3 6 + -
Base - B.m. +  D-m elizitose - P.a. 60.0 ± 8 .1 5 + -
Base +  B.m. +  D-melibiose +  P.a. 5 9 .6 ± 3 .1 2 + -
Base - B.m. +  D-m altose - P.a. 5 9 .6 ± 2 .4 0 + +
FTS‘ +  P.a. 5 9 .6 ± 2 .3 2 na na
Base - B.m. +  glucose - P.a. 58.0 ± 4 .4 3 + +
Base +  B.m. +  sucrose - P.a. 57.2 ± 5 .5 7 + +
Base +  B.m. +  glucose - P.a. 5 3 .6 ± 5 .3 l + +
Base +  B.m. +  D-galactose +  P.a. 5 3 .2 ± 5 .4 3 + -
Base - B.m. +  L-arabinose +  P.a. 5 1 .2 ± 5 .0 8 + -
Base +  B.m. +  D-lactulose +  P.a. 47.6 ± 8 .2 3 + -
Base - B.m. +  D-lactulose +  P.a. 4 6 .0 ± 7 .0 7 + -
Base - B.m. +  D-maltose +  P.a. 46.0 ± 7 .3 5 + -
Base +  B.m. +  L-arabinose +  P.a. 4 5 .2 ± 8 .8 7 + -
Base - B.m. +  P.a. 4 5 .2 ± 8 .3 8 na na
Base +  B.m. +  P.a. 4 4 .8 ± 1 0 .5 na na
Base - B.m. +  D-m elizitose +  P.a. 4 1 .2 ± 5 .6 8 + -
Base +  B.m. +  D-maltose +  P.a. 4 0 .8 ± 9 .1 8 + -r
Base - B.m. +  glucose +  P.a. 3 5 .6 ± 8 .8 2 + +
Base +  B.m. +  D-melizitose +  P.a. 3 3 .2 ± 4 .1 8 + -
Base - B.m. +  sucrose +  P.a. 32.8 ± 4 .2 2 + +
Base - B.m. +  D-melibiose +  P.a. 3 0 .8 ± 9 .8 5 + -
Base +  B.m. +  glucose +  P.a. 2 6 .4 ± 8 .8 0 + 4-
Base +  B.m. +  sucrose +  P.a. 2 4 .4 ± 5 .7 8 + +
U ntreated +  P.a. 
LSD (P = 0.05) 
LSD (P = 0 .1 )
1 4 .4 ± 5 .2 3
1.98
1.65
na na
(table con’d)
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* Base, B.m. and P.a. indicate talc +  guar gum, B. megaterium strain 91-51, and P. 
arrhenomanes strain 1398, respectively. The sugars were incorporated into the 
formulations by adding them to the bacterial suspensions at 16%. 
x Fungicide-treated seed. Vitavax 200FF (17.5% carboxin and 17.5% thiram, 
2.5ml/kg seed) (Gustafson, McKinney, TX) (4.26). 
y Utilization of the various substrates as carbon sources was determined in Biolog 
microplate assays (see Table 4.1 and 4.2). 
z Not applicable.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
Table 4.7. Effect of L-arabinose on rice seedling growth in a growth chamber
Treatments Percent seedling emergence Shoot length (cm) Root length (cm)
Untreated - P.av. 75ay 6.80a 6.04a
Base"1- P.a. 73a 6.20a 4.99a
Base +  8% L-arabinose* - P.a. 60b 6.41a 5.61a
Untreated +  P.a. 0c naz na
Base+ P.a. 0c na na
Base +  8% L-arabinose + P.a. 0c na na
u Seeds were disinfested with HOC1 gas, and all procedures were conducted under sterile conditions 
v P.a. indicates Pythium arrhenomanes; +  and - indicate with and without, respectively. 
w Seeds were coated with talc with 1 % guar gum used as an adhesive.
* A filter-sterilized 8% L-arabinose solution was mixed (1:1, v:w) with talc and allowed to dry at room temp. 
y Means followed by the same letters within columns are not significantly different (Student-Newman-Keuls test, 
P=0.05).
1 na indicates not applicable.
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Fig. 4.2. Population dynamics, expressed as colony forming units (CFU)/seed, of 
total culturable bacteria and a rifampicin-resistant strain (91-51R2) o f Bacillus 
megaterium on rice seeds and seedlings with (+) and without (-) Pythium 
arrhenomanes (P.a.) in a greenhouse. A and B, Total population of bacteria on 
seeds. C, Population of 91-51R2 on seeds and seedlings. Base is 1% guar gum 
plus talc that was used to coat seeds. L-arab indicates L-arabinose. *, Populations 
were not detectable at less than lCP CFU/seed.
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rice seedling growth as compared with the appropriate controls in noninfested treatments 
(Table 4.7). However, there was a reduction in seedling emergence following seed 
treatment with 8% L-arabinose compared with untreated seeds or seeds coated with base 
alone (Table 4.7). Following infestation, the untreated control, base alone and 8% L- 
arabinose treatments had 100% disease incidence (0% seedling emergence) as a result of 
rice seedling disease (Table 4.7).
Population dynamics of the rifampicin-resistant mutant of B. megaterium  
(strain 91-51R2) and total culturable bacteria. The population of 91-51R2 at day 0 
on seeds coated with the mutant and 8% L-arabinose was significantly higher than on 
seeds coated with 91-51R2 alone (Fig. 4.2.C). However, by day 1 the addition of L- 
arabinose caused a steep decline in populations of the marked strain regardless o f whether 
or not Pythium was present. Except for day 2, this trend was maintained for the 6 days 
of the experiment. Populations of the marked strain associated with seeds that were not 
treated with L-arabinose fluctuated widely over the 6-day period regardless of the 
presence of Pythium but remained approximately two log units higher than the amended 
treatments.
There were significant increases in total culturable bacterial populations among 
all eight treatments between days 0 and 1 (Fig. 4.2. A and B). In general, populations 
of total bacteria increased sharply 1 day after planting for all treatments. Total bacterial
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populations on seeds coated with 8% L-arabinose were significantly higher at day 2 than 
treatments without 8%-L-arabinose, but these differences were no longer detectable by 
day 4.
Biological control of rice seedling disease in the field with B. megaterium and 
specific carbon sources. Relative to the untreated control and seeds treated with talc 
alone, seedling emergence was significantly higher in treatments in which the seeds were 
treated with fungicide; base +  L-arabinose; base +  strain 91-51R2 +  L-arabinose; and 
base +  strains 91-114 and 91-21 +  L-arabinose (Fig. 4.3). Similar results were 
obtained upon repeating the experiment. There were no significant effects on grain yield 
in any treatment in either repetition of the experiment (data not shown).
DISCUSSION
Until recently, several fungicides, such as Vitavax 200FF, thiram and copper, 
were used to control rice seedling disease in Louisiana. In addition, farmers presoaked 
rice seeds one day before planting in order to stimulate emergence. However, the 
Louisiana Department of Environmental Quality and the U.S. Environmental Protection 
Agency banned the use of these compounds and the cultural practice of presoaking seeds 
because of problems associated with disposing of the water. For these reasons, there was 
an urgent need to develop biological control technology for seedling disease of rice. 
However, in order to accomplish these objectives, detailed etiological information on this 
disease was required, i.e. when and for how long are seedlings susceptible and exactly 
which portions of the seed and seedling are susceptible. Results from etiological studies
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Fig. 4.3. Biological control of rice seedling disease in the field. Error bars indicate 
standard error of the mean. Base: seeds were coated with talc and 1% guar gum. 
Fungicide-treated seed indicates that seeds were treated with Vitavax 200FF (17.5% 
carboxin and 17.5% thiram, 2.5ml/kg seed) (Gustafson, McKinney, TX) (4.26). L- 
arabinose was adjusted to 8% in 1 % guar gum.
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described in the previous chapter suggested that seedling disease in water-seeded rice 
should be amenable to biological control because the infection court was restricted 
primarily to the embryo, and it was susceptible for a very short period o f time. The 
present study indicated that biological control of rice seedling disease could be 
accomplished by adding specific carbon sources to seed coating formulations and that an 
added biological control agent may be inconsequential.
Differences between Pythium spp. and Bacillus spp. in carbon source utilization 
were determined reliably with the Biolog microplate assays. Results were based on a 48 
hr incubation of inoculated microplates because this time period permitted a more 
complete carbon utilization than the 24 hr incubation. Haack et al. (4.12) showed that 
the carbon sources responsible for differences between environmental samples varied as 
a function of incubation period with Biolog microplate assays. This effect may be caused 
by differences in rates of color development among wells (4.6). Classifications based 
on early plate readings were more influenced by faster developing wells, and 
classifications based on later plate readings were more influenced by slower developing 
wells (4.6). These results indicate that readings across a range of reference points may 
be necessary in order to develop a complete profile of C source utilization among 
samples, and analyses can effectively be performed at several reference times after 
inoculation (4.6). Haack et al. (4.12) suggested that the use of kinetic profiles could 
increase the analytical power of the Biolog microplate assay. This would involve 
multiple readings of each plate and calculating rates of change for absorbance values for
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each well (4.6). The Biolog plates used for the present study did not have redox dyes 
as have been used by others (4.27). We used turbidity, as opposed to a colorimetric 
assays of tetrazolium dye reduction, as a measure of cell growth because dye reduction 
(oxidation-reduction reactions) may proceed in the absence of growth. Of particular 
interest were the distinctive patterns of carbon utilization among Pythium spp. which 
suggests that Biolog plate assays may be useful for identification of Pythium spp.
Guar gum, a component of the seed coating formulation, was utilized as a carbon 
source by B. megaterium. In contrast, P. arrhenomanes did not utilize this compound, 
indicating that guar gum, in contrast to carboxy methylcellulose, could be used in seed 
coating formulation without providing a nutritional advantage to the pathogen. In 
addition, inoculum density of the biological control agent (B . megaterium, strain 91-51) 
was stable in a dry guar gum formulation for more that one year (R.W. Schneider, 
personal communication). Previous work by Schneider (personal communication) 
showed that this bacterium was effective in controlling seedling disease though results 
were inconsistent from test to test. The commercial use of biological control agents is 
dependent upon dried inoculum formulations that retain high cell viability and do not 
predispose plants to infection. Formulations have been made with peat, methylcellulose, 
and bentonite clay along with various gums such as guar, xanthan, arabic, and locust 
bean (4.15). Our results show that caution must be exercised because the adhesive agent 
itself may predispose the plant to infection.
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Most o f the carbon sources in this study that were utilized preferentially by the 
biological control agent provided a significant level of disease control when applied at 
concentrations higher than 8% whether the biological control agent was used or not. 
These results suggest that biological control was not attributed to an increased population 
of the introduced biological control agent but rather to a quantitative or qualitative change 
in total microbial populations associated with germinating seeds. Our studies showed that 
at 2 days after planting, total populations of culturable bacteria per seed coated with 8% 
L-arabinose increased significantly compared with sugar-free seed but that this effect did 
not persist. Colbert et al. (4.3) reported recently that population densities of 
Pseudomonas putida R20 (NAH7), genetically engineered for utilization of a specific 
salicylate, on sugar beet seeds in soil amended with salicylate were significantly increased 
after 60 and 72 h incubation compared to nonamended soil. In contrast, our results 
showed that populations of the rifampicin-resistant biocontrol agent (B. megaterium, 
strain 91-51R2) from seeds coated with base, strain 91-51R2 and 8% L-arabinose were 
not increased but decreased 2 days after planting compared with sugar-free seed. Our 
findings may be a result of competition with other microbial populations associated with 
germinating seeds and the nonspecific nature of L-arabinose as a C source as compared 
to salicylate.
Fukui et al. (4.5) reported that the efficacy of biological control agents was in 
part related to inoculum size, length of lag period and metabolic state. In order to 
protect seeds or other infection courts from fast-acting fungi such as Pythium spp.,
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biological control agents must quickly attain high populations and metabolic states (4.5). 
We would add that these traits should also be expressed by disease suppressive 
indigenous microbes that may be exploited by providing them with an appropriate carbon 
source. Janisiewicz, et al. (4.13) studied nutritional enhancement of biological control 
of blue mold on apples. In their work, nitrogen sources that were preferentially utilized 
by the biocontrol agents reduced disease severity when applied to the biological acontrol 
agents. However, preferentially utilized carbon sources did not reduce lesion size caused 
by the blue mold fungus, and they suggested that carbonaceous substrates were not 
limiting in the infection court since carbon sources were abundant there. In addition, 
specific carbon sources may influence the expression of certain antifungal metabolites of 
uncharacterized microbes associated with germinating rice seeds. James and Gutterson 
(4.14) showed that production of oomycin A, an antifungal metabolite, by Pseudomonas 
fluorescens Hv37a, a biological control agent effective against Pythium damping-off of 
cotton, was regulated by the glucose concentration of the growth medium.
Results from the present study demonstrated conclusively that a substantial level 
of disease control could be achieved by providing specific carbon sources to be utilized 
either by an introduced biological control agent or by indigenous populations of disease 
suppressive microbes. Furthermore, our results showed that an introduced strain does 
not predominate for more than 1 day even after the ecological niche had been 
supplemented with a preferred carbon source. Given that the bacterium used throughout 
this study, B. megaterium strain 91-51, was originally isolated from field-grown rice
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seedling roots, it is to be expected that this niche would be occupied by other bacteria 
with similar nutritional requirements.
Gilbert et al. (4.9) suggested that the altered development of rhizosphere 
communities on UW85nl (Bacillus ce/my)-treated roots might have a potential 
relationship to disease suppression. When a growing root invades the soil habitat, the 
microbial community around it is disturbed, resulting in a suddenly abundant nutrient 
supply. This nutrient supply from the disturbance provides an easily invasible habitat and 
selects a distinct set of specific "rhizosphere" bacteria from the bacteria in the soil. It 
has been suggested that many root colonists (pathogens included) respond to biochemical 
cues from the root that stimulate chemotaxis, chemotropism, or emergence from a 
dormant state (4.2,4.4,4.9,4.17,4.25,4.28). The microbes that colonize the root surface 
utilize particular components of the root exudates and produce a diverse array of 
secondary metabolites of their own. These complex interactions result in a biochemical 
environment that is a product of the interaction of the host and its rhizosphere microflora 
(4.9). In the works of Gilbert et. al (4.7), seeds were treated with large numbers of 
Bacillus cereus UW85, which was a soil-inhabiting bacterium and not commonly 
associated with the rhizosphere. In their studies, there were no significant bacterial 
community size differences between the control soybean rhizosphere and the 
nonrhizosphere. However, bacteria from the control soybean rhizosphere could utilize 
significantly more simple carbon sources than bacteria isolated from the nonrhizosphere 
soil, implying a qualitative manifestation of the rhizosphere effect. Bacteria isolated
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from roots of plants grown from seeds coated with UW85 were intermediate in their
carbon source utilization patterns as compared to bacteria isolated from nonrhizosphere
soil and nontreated plants (4.7,4.8).
Seed inoculation with Clostridium, Bacillus, and Pseudomonas can affect the rate
of development and yields of a wide range of plants when given favorable conditions,
thereby providing further evidence that rhizopshere populations can be modified by seed
inoculation sufficiently for these organisms to affect the host plant (4.20). However,
Rovira observed that changes in rhizosphere populations by the manipulation of soil and
environmental factors might be possible in the laboratory and greenhouse but difficult in
the field (4.20). However, more recent findings by Gilbert et. al. (4.7,4.9) showed that
microbial populations were modified in the field by an introduced biological control
agent. The challenge now is to characterize these disease-suppressive populations and
to learn to manipulate them with seed coating amendments such that sufficiently high
populations can be attained at the sites of infection.
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Contaminant-free seeds were required to study the etiology of rice seedling disease. 
For this purpose, rice seeds were soaked for 2 hrs in freshly prepared 2.6% sodium 
hypochlorite adjusted to pH 7.0 with a final concentration of 0.5 M potassium phosphate. 
This treatment was not only very effective for disinfesting seeds but also seemed to 
promote seedling growth. On the basis of this observation, a study was conducted to 
assess the direct effect of sodium hypochlorite on rice seedling growth. Until recently, 
several fungicides, such as Vitavax 200FF, thiram and copper, were used to control rice 
seedling disease in Louisiana. In addition, farmers presoaked rice seeds one day before 
planting in order to stimulate emergence. However, the Louisiana Department of 
Environmental Quality and the U.S. Environmental Protection Agency banned the use 
of these compounds and the cultural practice of presoaking seeds because of problems 
associated with disposing of the water. For these reasons, there was an urgent need to 
develop biological control technology for seedling disease of rice. However, in order 
to accomplish these objectives, detailed etiological information on this disease was 
required, i.e. when and for how long are seedlings susceptible and exactly which portions 
of the seed and seedling are susceptible.
Bacteria were not detected on rice seeds following immersion in household bleach 
solutions adjusted to pH 7.0, while fungi were eliminated at pH 5.0 and below. The 
direct effect of sodium hypochlorite (2.6% NaOCl, pH 7.3) on rice seedling growth, 
used as a surface sterilant, was tested. Seedling growth following seed treatments with 
HgCl2 followed by NaOCl and NaOCl followed by sterile water was significantly greater
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than when seeds were treated with sterile water followed by sterile water, HgCl2 followed 
by sterile water, and HgCl2 followed by KH2P 0 4. These results indicate that sodium 
hypochlorite directly stimulated rice seedling growth apart from an indirect effect related 
to elimination of microbial contaminants.
Etiological studies elucidated the process of rice seed and seedling infection by 
Pythium species. Infection rates of embryos were significantly higher than that of 
endosperms. The development of roots from dry-planted seeds was significantly reduced 
by P. arrhenomanes and P. myriotylum compared to that of roots from noninoculated 
controls after 5 days. Susceptibility to P. arrhenomanes, P. myriotylum and P. 
dissotocum was significantly reduced at 2 to 4 days after planting, and rice seedlings 
were completely resistant at 8 days after planting. There was a steep decline in 
emergence following 2 days exposure to inoculum of P. arrhenomanes and P. 
myriotylum. In contrast, P. dissotocum was much less virulent, requiring longer 
exposure times to cause irreversible seedling damage. These results indicate that rice 
seedlings become resistant to infection after a very short period of time even though they 
may still be submerged. This short period of susceptibility suggests that this disease 
should be amenable to biological control because the introduced agent need not 
predominate for more than a few days at specific sites o f infection.
Of 148 carbon sources tested for carbon utilization, several, such as L-arabinose, D- 
galactose, D-melezitose, D-melibiose, and lactulose, support growth of the Bacillus spp. 
used for biological control but not the pathogenic Pythium species. Results indicated
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sucrose which supported growth of the biological control agents and Pythium species did 
not control rice seedling disease.
A spontaneous rifampicin-resistant mutant of B. megaterium was used to monitor 
seed and seedling populations of this strain. Populations of this marked strain declined 
to undetectable levels within 2 days of planting seed that had been coated with an that, 
with one exception, inclusion of carbon sources preferentially utilized by the biological 
control agents in seed coating formulations resulted in a significant level of disease 
control in greenhouse and field. However, carbon sources such as glucose and L- 
arabinose formulation. However, populations of total culturable bacteria increased 
during this same time period as compared to nonamended seed treatments. These results 
were unexpected and suggest that biological control of seedling disease with an 
introduced bacterium resulted from an altered seed and seedling microbial community 
rather than from a direct effect of the introduced strain. Further research should address 
this intriguing hypothesis by examining microbial community dynamics. It may be 
possible to characterize disease suppressive microbial communities and provide them with 
a selective advantage with specific amendments to seed coating formulations.
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APPENDIX A
Utilization of various substrates as carbon sources by Bacillus species as determined by Biolog microplate 
assays
S u b s t r a t e "  A b s o r b a n c e  a t  6 0 0  t u n  ( M e a n  ±  S E M ,  R a n k ') *
B. megaterium B. megaterium B. megaterium B. cereus B. cereus
( s t r a i n  9 ) - 1 3 b )  ( s t r a i n  9 1 - 2 1 )  ( s t r a i n  9 1 - 5 1 )  ( s t r a i n  9 1 - 1 2 )  ( s t r a i n  9 1 - 1 2 6 )
N u m b e r  o f  c a t e g o r i e s  i n  r a n k i n g ' 1 0 1 0 1 0 1 0 1 0
1 , 2 - p r o p a n c d i o l  +  D - x y lo s e 0 . 0 1 7 ± 0 . 0 1 0  8 3 0 . 0 2 1  ± 0 . 0 1 1  6 3 0 . 0 0 1  ± 0 . 0 0 1 9 3 0 . 0 0 0 ± 0 . 0 0 0  1 0 3 0 . 0 0 0 ± 0 . 0 0 0 9 3
2 ' - d e o x y a d e n o s i n e 0 . 0 5 8 ± 0 . 0 1 4  5 0 . 0 7 0  ± 0 . 0 1 8  4 0 . 0 3 7 ± 0 . 0 1 9 6 0 . 0 5 4 ± 0 . 0 0 5  3 0 . 0 5 9 ± 0 . 0 1 2 1
2 - a m i n o e t l t a n o l 0 . 1 0 4 ± 0 . 0 2 1  5 0 .0 0 3  ± 0 . 0 0 3  9 0 . 0 6 5 ± 0 . 0 2 3 5 0 .0 0 0 ± 0 . 0 0 0  1 0 0 . 0 1 4 ± 0 . 0 1 4 3
2 - k e l o - D - g l u e o n i c  a c i d 0 .4 3 1  ± 0 . 0 1 7  1 0 . 3 3 8 ±  0 . 0 0 7  1 0 .3 2 1  ± 0 . 0 1 5 1 0 . 0 0 3  ±  0 . 0 0 3  9 0 . 0 0 3  ± 0 . 0 0 3 6
2 , 3 - b u t a n e d i o l 0 . 0 1 8 ± 0 . 0 1 5  8 0 . 0 1 5 ± 0 . 0 1 3  7 0 . 0 1 2 ± 0 . 0 1 1 7 0 . 0 1 4 ± 0 . 0 0 7  7 0 . 0 0 6 ± 0 . 0 0 5 5
3 - i n e t h y l g l u e o s e 0 . 0 0 3  ± 0 . 0 0 2  1 0 0 .0 2 1  ± 0 . 0 1 2  7 0 . 0 0 1  ± 0 . 0 0 1  1 0 0 . 0 2 5 ± 0 . 0 0 6  5 0 . 0 1 6 ± 0 . 0 0 9 3
a c e t i c  a c id 0 . 0 3 6 ± 0 . 0 0 8  6 0 . 0 2 2 ± 0 . 0 0 8  6 0 . 0 3 2 ± 0 . 0 1 1 6 0 . 0 3 2 ± 0 . 0 1 1 4 0 . 0 2 6  ± 0 . 0 0 5 3
a c e t o i n  +  D - x y l o s e 0 . 0 1 8 ± 0 . 0 0 1  7 0 . 0 1 0 ± 0 . 0 0 6  7 0 . 0 0 0  ± 0 . 0 0 0  1 0 0 .0 0 1  ± 0 . 0 0 1  9 0 . 0 0 0 ± 0 , 0 0 0 8
t t - c y c l o d e x t r i n 0 . 0 3 3 ± 0 . 0 1 0  6 0 . 0 0 9  ± 0 . 0 0 5  8 0 . 0 1 6 ± 0 . 0 1 0 7 0 . 0 9 2 ± 0 . 0 1 4  1 0 . 0 8 8 ± 0 . 0 1 3 1
a d e n o s i n e 0 . 0 3 3 ± 0 . 0 1 4  6 0 . 0 2 7 ± 0 . 0 1 4  6 0 . 0 4 6 ± 0 . 0 2 0 5 0 . 0 0 9  ± 0 . 0 0 5  8 0 .0 4 1  ± 0 . 0 0 5 1
a d e n o s i n e - 5 '- m o n o p h o s p h a t e 0 .0 1 1  ± 0 . 0 0 3  9 0 .0 1 1  ± 0 . 0 0 4  7 0 . 0 0 0  ± 0 . 0 0 0  1 0 0 . 0 1 5 ± 0 . 0 0 8  7 0 .0 3 1  ± 0 . 0 1 0 2
a - D - g l u c o s e 0 . 2 4 7 ± 0 . 0 3 4  2 0 . 1 7 3 ± 0 . 0 2 0  2 0 . 2 3 5 ± 0 . 0 3 2 2 0 . 1 0 2 ± 0 . 0 3 1  1 0 . 0 2 8 ± 0 . 0 1 3 2
a - D - l a c t o s e 0 . 3 1 0 ± 0 . 0 2 5  1 0 . 2 4 8 ±  0 . 0 3 9  1 0 .3 1 1  ± 0 . 0 3 8 2 0 . 0 3 7  ± 0 . 0 2 2  4 0 . 0 0 1  ± 0 . 0 0 1 8
a - D - l a c i o s e  +  D - x y l o s e 0 . 1 3 3 ± 0 . 0 0 4  4 0 . 0 8 2 ± 0 . 0 1 8  4 0 . 0 7 5  ± 0 . 0 4 4 5 0 . 0 1 5 ± 0 . 0 1 5  7 0 . 0 0 3  ± 0 . 0 0 0 7
a d o n i t o l 0 . 0 1 6 ± 0 . 0 0 8  8 0 .0 0 1  ± 0 . 0 0 1  9 0 . 0 1 2 ± 0 . 0 0 8 7 0 . 0 0 0  ± 0 . 0 0 0  1 0 0 . 0 0 0  ± 0 . 0 0 0 9
a - h y d r o x y b u t y r i c  a c i d 0 . 0 1 5  ± 0 . 0 0 6  8 0 . 0 1 0 ± 0 . 0 0 6  7 0 . 0 1 4 ± 0 . 0 0 8 7 0 . 0 2 2 ± 0 . 0 1 3  6 0 . 0 0 0 ± 0 . 0 0 0 9
a - k e t o b u i y r i c  a c i d 0 . 0 2 4  ± 0 . 0 1 8  7 0 . 0 0 0 ± 0 . 0 0 0  1 0 0 . 0 0 0 ± 0 . 0 0 0  1 0 0 . 0 2 7  ± 0 . 0 1 3  5 0 . 0 0 0  ± 0 . 0 0 0 9
a - k e t o g l u t a r i c  a c id 0 . 0 2 5 ±  0 . 0 0 9  7 0 . 0 1 6 ± 0 . 0 0 7  7 0 . 0 1 8 ± 0 . 0 0 7 6 0 . 0 3 8 ± 0 . 0 1 5  4 0 . 0 1 9 ± 0 . 0 1 0 3
(table con’d)
92
»n ^  © r- ©  »n
cn vc 
o  o  
© o  
o ’ o* 
-H -H
«n CMo — 
© o
© o ’
o — 
o  o  
o  o  
o ’ o* 
-H «H
O  CM
o  o  
© ©
o' o'
o  5  
o  o  
o  o  
o ’ o ’ 
-H -H 
oo © 
o  o
o* o ’
vO c n  \C  o o  P-* vC
© oo 
O cn 
o  o  
o’ o’ 
-H -H 
© ~  
— \0 
o  o  
o' o ’
o  *»* ao cm 
— o  o  
o  o  q  o  
o ’ o' o* o* 
-H -H -H *H 
r- «n —* ci 
—* o  —* <N
o  o  q  o  
o ’ o ’ o* o ’
CM c n ^ v r* - PM « o T f C-* 00 CM 0 0 ON © c n O n © © 90 cn CM 00 O n ©
cn m «n 0 00 C"* v c ■n* vC © CM © © © CM r - © in CM r - v f © ©
0 O 0 0 0 O 0 0 © © © © © © © © © © © O © © © 0 O ©
0 0 0 0 0 0 O 0 0 O © q © © 0 © © © © © © 0 © © © © © © ©
o ’ 0 ’ 0 ’ 0 ’ d 0 ’ O ’ d © © © d © d o ’ ©* d d © ’ d d d d ©* © d d d ©
-H  -H  -H  -H  M  -H -H -H  M -H -H -H -H  -H  -H  -H ' H + i - H + t - H - H - H - H - H - H •H -H -H
0 CM Pv 0 cn CM 90 r*“ © r * CM c n © © c n r - © i n _■ r f © © © Tj*
c n NO 0 0 c n O © © © n © © © © © © © © O cn © © ©
q O 0 © q 0 O © © 0 © © © © 0 © © q 0 © 0 q © © q © © 0 q
o ’ O* o ’ 0 * d 0 ’ d d 0 * © o ' d ©* o ' © 0 * d d © o ' d d © ‘ d © 0 ’ d ©
c n ■n- 90 c n v£l n CM c n © © CM 0 0 — © r - © r * © © © 00 © T f • n c n
NO 00 00 ffv vO T}“ NO p - 0 c n cn CM u n r > © 00 0 cn r - 90 OQ pH © ©
CM 0 0 0 CM c n v c © cn 0 © c n O •<r CM © © © © © © O © •H TT
0 0 0 0 O O O q © © q © © 0 © © © © © © O © © q © © © ©
0 ’ o ’ o ’ 0 ’ O O ’ 0 ’ 0 * © d o ’ d 0 ’ ©* d © d © d d d d d O ©* © ’ © d ©
-H  -H  -H  -H  -H  -H •H -H -H -H -H -H -H  -H  -H ■H •H -H -H
CM 0 0 O 3\ 0 \ CM CM © © © cn 00 0 w © c n 00 © CM r - © T f © 1—4
« o c n c n O ■** CM r-* 90 © © © VO © PM © © CM © © n* CM © v n
O 0 O O O O 0 q © © q © © © © 0 © © © © © © © © © ©
o ’ 0 ’ O O o ’ O ’ 0 ’ d © © ’ d d © ’ © d © ’ d d d d © ’ © ' d © ’ © © ' © © ’ ©
so n -vt 2  ^
cM in  
o  o  
q  o  
o ’ o ’ 
•H -H
Tf oo
o  o  
o  o  
d  o
Tf 00
r-*
o  o  
o ’ o* 
-H *H 
r* 
tj- cm 
cm — 
o ’ o
O  ©  
o  o  
o  o
e'­
en 
o
d  o ’ o* 
-H -H *H 
© cn r-* 
o r - ©  
q  q  o  
o d d
m cn vn cn vn vn 00 © — cn p-4 — CM cn CM © r- r* O Tf vr. CM00
© C^* cn On «n 90 cn © rj* 0O cn m © Tf r* © CM© © ri CM90 00
© tj* d cn 0 © © CM CM Cl Cl © CMCM —X © 1—* cn © ©
© O © © © © © O © © © © © © 0 © © © © © © © © © © © © ©
©’ o ’ d ©’ ©’ d d O ’ ©' © d © ©* d d d d d d o ’ ©* © © © © © © d
! -H -H -H -H -H -H -H -H +1 -H -H -H *H -H -H -H -H -H -H -H -H -H -H -H -H -H -H
ON © © ON in ON 00 Tf Cl cn cn r* VC © © © r*! © r- © © 90
00 © CM m © ON © © © «n tT © cn CM © 00 CM © © © ©
© © P-l © © © © © cn CMcn CM CM q © © © © © CM© cn
d © © © © d © © © © d d d d © d © d d d © © © © © d © d
o c o o - ^ 5 i ’0, n^'OviC' i ‘n n t s*Ti>\ovcsoci{,) ' - ' « r tn ' i fC‘i ' C » 2 ® ' ^ ' 0 n c 0 "-
w > n s c ( n N » o  -  o ^ f « A O ^ t , o o » ^ r * * ^ f O v o * — oo ©  n* ©  ©0 0 ' C - 0 - n - - M 0 M - ' ' 0 ^ —0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
o* o ’ o ’ o ’ d  o ’ o  o ’ o ’ 0  o ’ o ’ o ’ d  o ’ o ’ o* o ’ o ’ o ’ o* o ’ o* o ’ o* o ’
3o>no'nN3snff 'oo'n'0'n‘nco\cO'0\C'/>'CpJ'Or,*M'^tri o o t o o o v t ' f i c ' c h v f p i - h t n o n n ' f l n n n ^ -  
o  o  n  -  o  -  «  o  o  q  «  o  ^  q  q  o  o  o  o j  ^  r j  r i  -  ^  o  r i
d  o ’ o* o* d  o* o ’ o* o ’ d  o ’ o ’ o ’ o ’ d  o* o ’ o* d  o ’ o* o ’ 0 * o* o ’ d
- n - O M c n « ( M c n N  o o o o  — ~*~ © V* 
o  o  o  o  q  o  o  o  o
o ’ o* o* o* d  o ’ o* o* o ’
-H -H -H -H -H -H -H + l-H  ocn*o<N©©©r~r- 
e M © o © © c n © © c n  
q  o  q  o  0  q  —• q  cm
o ’ d  d  o ’ o ’ o ’ o ’ o* o ’
-  cm — «  n  n  n  -  © © © © i n r - C M © ~
in o  o — 
o  o
d  d  
-H -H 
o  rf 
—« cn 
o  o  
o ’ o ’
in © 00 
CM © ©  
O O O
d  d  d  
-H -H -H 
n  o  00 r- — o  
—. — o
vC vC 
cn rr 
o  o
-H -H 
cn r-© o
o  CN
cn tj* 
cm ~  o  
O O O
d  o ’ d  
■H -H -H
© © in
©  r-* ©
O O O
—  VC 
cm cm 
O O
d  d  
-H -H 
c n  ©  
cm vc 
cm o
0 0 0 0 0 0 0 0 0 0
r- 00 
—« o  
o  o  
d  o ’ 
-H -H 
— o  
00 r- 
--  o  
o ’ o ’
m 00 
cm o  
o  o  
o ’ d  
-H -H 
o  n*
— CM
o ’ d
c n  m  
o  o  
o  o  
o ’ o ’ 
-H -H
— 00— o 
o  o  
o* d
cm r- ©  
m — —q °
d  o ’ o* 
-H +\ -H
©  ©  m  
00 CN ©  
cn cm cn 
o ’ o  o*
00 <n oo cm vc vn
«  M n  -  N  O
o  o  o  o  o  q
d  d  d  d  d  o ’
-H -H -H -H 4H -H
«  -  o\ 3\ n  r-«  — n  ci ci
M* cl «  N  cn o
d  d  o ’ o  o ’ o ’
cn »n 
cm o  
o  o  
o ’ d  
-H *H 
r- vn 
cn o  
o  o  
o  d
in cn M 
o  — ~  cm 
o  o  q  o  
d  o* d  o ’ 
-H -H -H *H 
©  © cn —* 
© © cm cn 
© o  q  pm 
o ’ d  o ’ o ’
\c cn 
o  r- 
o  o
d  o ’ 
-H -H 
«— n* 
— cm 
O  cn
o ’ o*
o
c
c u «  ^ * 
«- s so oo -3
■3 O Q Q _
.x
a
5  c  
a a
S S'
a  S
xV 
-3 fi 3
00* 
Q
© 9 
n O-c
•O y c  
2  3■ u CX ©
its ."2 32 2  o 
c  3  ‘ 5  3  2
* .2 -2 ^i~ so
.5 = 3
i :  i :  S
—  »i — x  x  •—!! '3 -3 O Q Q ^ Q
>» . 
X .
Q 
+  •
i  £  C VI' t  n  f l  fi O C 
o  y  
3  3
.•2 0  
o  c
« ■§
3  o  o  .“H
Q Q
00 o0 
Q Q
3  *3
o '3 
•3
. OS c
a  Oyj i.
O  3  o u 
3  3
0 0  o b
o
v;
x  3  
Q 3
+ S’ 
3  "5
O S  « *•
3j:M
3  u 2  
00 2  £
Q Q Q Q Q Q Q Q
u 
8 2
11 
co yS E
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(ta
ble
 
co
n’
d)
D
-m
el
ib
io
se
 
0.
32
8±
0.
03
8 
1 
0.
23
8±
0.
03
3 
1 
0.
35
9±
0.
03
6 
1 
0.
05
2±
0.
01
9 
3 
0.
00
8±
0.
00
3 
4 
D
-m
el
ib
io
se
 
+ 
D
-x
yl
os
e 
0.
18
9±
0.
02
3 
3 
0.
14
2±
0.
01
4 
3 
0.
19
7±
0.
01
8 
3 
0.
00
2±
0.
00
l 
9 
0.
00
1±
0.
00
1 
8
D
-p
sic
os
c 
0.
05
6±
0.
01
2 
5 
0.
05
3±
0.
00
6 
5 
0.
03
5±
0.
01
1 
6
 
0.
02
6±
0.
01
1 
5 
0.
01
0±
0.
00
4 
4
D
-ra
ffi
no
sc
 
0.
30
2±
0.
03
3 
1 
0.
23
6±
0.
03
5 
1 
0.
32
5±
0.
03
0 
1 
0.
01
7±
0.
00
8 
6
 0
.0
01
 ±
0.
00
1 
8
93
d 00 0 d 90 cn d d 0 0 d Cv vn — d d cn cn vC — d d d 00 •n VC oc vc
0 0 O 0 d 00 vC vn 0 d O d vC 90 d 0 0 cn 0 d O vC vn 0 cnw* 0 0 O O 0 0 0 O O 0 O 0 O O 0 cn 0 O O O 0 00 p 0 0 O 0 0 0 O p 0 p O 0 O O p 0 p 0 O 0 p O O O 0 0 0
0 ’ o ' 0 ' o ’ O' 0 ' o ' 0 ' o ' 0 ’ 0 ’ 0 ' O* 0 ' O’ o ' d o ’ d 0 ' d o ' 0 ' 0 ' o ' O' 0 0 ’ d
•H -H +t -H -H -H -H -H *H -H -H -H -H -H -H -H -H -H *H *H -H -H -H -H -H -H -H -H -H
Cv 0 0 d d cn Cv 00 vn 0 cn O d \c CV d d cn 0 d cn T i­ 0 vC vn »nd 0 0 0 0 d 0 d 0 O 0 cn O 0 Tj* d O d d 0 d 0 0 en 0 O O 0 0
O 0 0 O 0 O 0 O 0 p 0 0 O 0 O O O 0 O 0 O 0 0 O 0 O O 0 0
d 0 ' d 0 ' d d d 0 ' 0 ’ d 0 ' 0 ' d d o' o' o' d o' o ’ O' o ’ o' 0 ' 0 ' d o' 0 ' 0 '
vn 00 0 d oc
vn 0 VC vn
O 0 O 0
O O 0 O 0
O ’ 0 ' 0 ' O' 0
-H -H -H -H -H
Tj*d
O
vn
O
O
s
0 0
Cv
O
O
0 ' d 0 ’ 0 ' O'
—  oo tj* cv —  2  n  2  pi n  ci 2  1/1 d C v d o o m d c n c n
vo d cv 
d  O  O  OOO
o  o* o  
*H -H -H
fl\ Tf
oo o  cn 
o  o  o  
o ’ d  o'
Tf —
o  Cv
o  o  
o' o' 
-H -H
Tf ~
O  Cv
o  o  
o’ o'
§ 2 
o  o  
o’ o' 
-H -H
O  CN 
o  «n 
O  o  
o  o'
o  oo  Tf
o  o  
o' o' 
-H -H 
o  o  
o  oo 
o  o  
o  o'
rf cn 
—  d
o  o  
o' o' 
-H -H
00 Tj* 
rr d
o  o  
o' o'
O  O  Cv 
O  —  VO OOO
d  o’ o' 
■H -H -H OOO otscio  o  — 
o' o' o'
cn un 
d  d
o  o  
o' o' 
-H -H 
m  —  
d  Cvo —•
o' d
5 \  N  X
o o d OOO
o* o' d 
-H -H -H 
d d o — o dOOO
o' d d
t/l oc
o  o  
o  o  
o’ d  
+1 -H 
oo vn 
o  d  
o  o  
o' o’
o  vO VC 
—  cn cn o  o  p  
o ’ d  o' 
-H -H -H 
cn oo vc —* vn in O O O
d  o  o’
' t h 2 ' c3 ' N ^ 000° 10902 csNJ' 3' socn", 'c t s 3 ' rs5' tsrs
\C  vn r f  —
o o 
o’ o' 
-H -H 
oo vn 
o  — « 
— o 
o' o'
O  Cv
o  o  
o  o  
o' o'
O  Cv o  — 
o  o  
o ’ o'
— • oo 
O  cn
o  o  
o' o' 
-H *H 
— vc 
O  90 
O  d
o' o
d  wn
o  o  
o  o  
o' o ’ 
-H *H 
Ti- o  
o  —  
o  o  
o' o'
d  d
o  —  
o  o  
o' o ’ 
■H -H
d  Cv 
O  oo O  O
o' o'
o  o  
o §  
o' o' 
-H -H 
o  o  
—  o  
o  o  
o' o’
cn
— d
o  o  
o' o' 
-H -H
Tf «
— d
o  d 
o’ o*
d d
o  o  
o  o
o  o'
-H -H
d d
o  o  
o  o  
o’ o ’
oo O  Tf O d d  OOO
o' o' o' 
*H *H -H
90 90
o  d  oo 
o  —  cn
o ’ o' o'
d  —  t£
d — O O O O
o’ o' d  
-H -H -Hi/i d  vt
cn —  o  O O O
o’ d  o'
Cv t* vn O O O  OOO
d  o' o' 
-H -H -H■n* rf- Tf-
— . o  —  O O O
o ’ d  o'
T f SO
—  o  
o  o  
o’ o' 
-H -Hrf VC
o  o  
d  o’
—  o  
cn cn O  O
o' o' 
-H -H 
d  oo 
d  oo 
cn —
o' o’
vn o
d o 
d o 
o o 
o' o’ 
-H  -H  
d o m o 
o o 
o' o'
O VC Cvd cv 90 0 vn
O vn O d d Tf 0 0
O 0 O d 0 O 0 cn
O 0 O O 0 O 0 O
O 0 ' 0 ' 0 ' 0 ' O' o' 0 '
•H -H -H -H -H -H -H -H
0 d 0 cn d d 0
0 d 0 00 O O 0 vn
0 0 0 O O 0 O
o ’ 0 ' o ’ o' o ’ o ’ 0 ’ d
o  o  
o  o  
o  o
d  o ’ 
-H -H 
o  o  
o  o  
o  o  
d  o’
O  VC o  — 
o  o  
o' o’ 
-H -H 
O  vc 
c  d  
o  —
d  o'
d d 
o  o  
o  o  
o' o ’ 
-H M 
cn d  
o  o  
o  o  
o' o'
o  vn o  — o  o  
d  o ’ 
+ \ -H 
o  vn oo  — 
d  o'
cn vn o  o  
0 0 — 0 o o o o 
o' o' o' o' 
-H -H +i -H 
~  cv d  o  VC O vc o
d o  o  p 
o’ o' o' d
vc d  O  O
o  o  
o' o' 
-H -H 
cn tj- 
cv —
o  o  
o' d
rf d
o  o  
o  o  
o' o'-H M
Cv d
o  o  
o  o  d d
d  OV oo 
o  cn —  
o p o 
o* o' o’ 
-H  -H  -H 
cn d  d  
cn vn o  O — —
d  d  o ’
Ti- 0 d d oc — d 90 0 Tj- vc O d - Cv 90 Cv cn - d vC 90 90 Cv d 90 vC d cn
90 0 0 00 90 vC d O d O 00 0 90 0 cn vC vC vC d 00 Cv Tf cn vn Tf cn vCTf 0 d 0 O cn 0 0 0 0 O cn 0 O O d O O O 0 d d
O 0 O 0 O 0 0 O p O p 0 O 0 O O O 0 0 0 O O O p p O 0 O 0
O' d d d o ’ d 0 ’ d 0 ’ d 0 ' d d d 0 ’ d O 0 d 0 ' d o ’ d o' 0 ’ O o' d o ’
-H -H -H -H -H ■H -H -H -H -H -H -H -H -H -H -H -H -H -H -H HH -H -H -H -H -H -H -H -H
O 0 d tJ- vn 90 d cn Cv 0 90 tj- Tf vn vn d cn tT Tf 90 vn vC vn vn
0 d d Cv d 0 d d 0 0 0 90 00 d vn •— O d — vn d vC0 d O O d p O 0 O 0 S cn 0 O O — cn 0 0 p O O 0 O 0 d —
d o' o' o ’ d o' 0 ’ o' 0 ' 0 ’ O 0 ’ d d o ’ o ’ d d 0 ’ 0 ' o ’ O ’ O d d O' o’ 0 ' d
O w.2 2 W
y o
r3
34
C-
v»
O
y . vs vs — —
y
y
•->
* r
X
Q Q Q Q Q Q Q Q
.5 « — 2
2 y
y VC y ■y.OS3
y
y
VI y'C 30
’2
c y
2
2
. s 0 y90
•c — *s a. c. c
*2
'yso
y
'5
2 
y
•H -5 .5
s 3 3 3 3
ow
C,
Jj * 2y
3 o
o  c
—
y 2
*0
‘5
3  .3
y ? 
2  J
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(ta
ble
 
co
n’
d)
L
-a
la
ny
l-c
ly
ci
ne
 
0.
12
9±
0.
00
8 
4 
().
08
0±
 
0.
01
0 
4 
0.
10
3 
± 
0.
01
9 4 
0.
07
8 
±0
.0
47
 2 
0.
00
7±
0.
00
4 
5
L
-a
ru
hm
os
e 
0.
36
7 
±0
.0
48
 
1 
0.
33
2 
±0
.0
50
 
1 
0.
38
9 
±0
.0
50
 1 
0.
00
9±
0.
00
5 8 
0.
00
8±
0.
00
4 
5
L
-a
sp
ar
ag
in
e 
0.
27
8±
0.
02
0 
2 
0.
38
2 
±0
.0
24
 
1 
0.
34
1 
±0
.0
31
 1 
0.
03
9 
±0
.0
13
 4 
0.
01
1 
±0
.0
04
 
4
94
0 ^ 4 *
o o o  o o o  
o' o ’ o'
M -H -H
O  h  00o o o  o  o  o  
o  o' o'
o  <n o  e  o  o  
o ’ o' 
-H -H
§ ac ci o  o  
o' o*
O  00o  o  o  o
o ’ o' 
•H +1 
o  m
5  o  
d  o ’
O £7\o  o  o  o
o ’ o ’ 
-H *H 
o  o  o  o  o  o  
o ’ o
O N  'C o o o  o  o  o r 
o' o' o' 
■H -H -H 
O Tf On O O Oo o o
o d d
o  o  o  o  o  
o' o' 
-H -H 
00 O ci o  o  o
d  o'
o — o  o  o  o  
o' o' 
-H -H o — o  o  o  o  
o  o
o  — o  vc oo  — o  o  oq  o  o  o  o  o
o ’ o ’ d  o ’ o' o'
-H +\ -H -H +i -H
ci oo o  oO M N  O M Oo  o  o  o  o  o
o' o' d  o  o  o
O Cl
© 2  o  o
o' o'
-H -H
O cl
s s
o  o
O  3 0  V l > c  -o  o  o  cm oo  o  o  o  o
o' o' o ’ o' o ’
•H «H -H -H -H
N  O N  ^O  -  ce oo  o  o  o  o
o  d  d  o  d
T3
* ccn
oo t- ^  'O n  pi
ON \0 •O O *- O O O
d  o ’ d  
-H -H -H 
O' «n cl O cn O O O
o* o ’ o ’
On \C «  m «  r l m  cno  o  o  o  
o ’ o ’ d  o' 
*H -H *H -H 
On ~  cn oo ~  O CM f-o  o  o  o  
o' o' o* d
O VOq  o  o  o  
o ’ o' 
+1 -H
O CMo  — o  o  
o' o'
in oo oo in o  ^  o o o  
o' o' o* 
M -H -H 
in in vo m ~  cm o o o  
o d d
r-— o  o  o
o' o ’ 
-H -H
O —Iin o  
o  o  
o' o
cn ^  — ino  o  
o ' o' 
-H -Hin —• 
cm r- o  o  
o  o
o  vo cm cn
o  o  
o ’ o ’ 
-H -H 
o  ocn r-
o  o  
d  o
O' r* —« ©  
o  o  
d  d  
-H +1 
p** o  m cs
q  q  
o  d
cn o  cn o  o  o  
o' o' 
■H -H 
o  oNO o
o  o  
d  d
O Ov o  o  o  o  
o ’ o' 
-H -H
O ONo  ^  o  o  
o  o
o  — o  — o  o  
o ’ d  
-H *H
O ON O —-q  q  
o ’ d
•m* o  cn— no Ono o o  
o' o' o' 
•H *H -H 
so cn cnVO CM *—i
o  — — 
o o o
in < o  i q  o  < 
o* o' i 
-H -H 
r- m - c- o  •—• o  i
d  o ’ <
o cn 30 'C cn 00 Cn 00 vc vC in CM CMON CM rf 1C cn —
Cl m 00 00 cn \C cn o cn cn -cr \C C- m cn cn o 00 c\ ONo vc o in cn o o Cl CMo Cl m o o o cn CM VOo q o o o o o o o o o o o o o o o o o o o o q o o o
o' d d o' o ’ o ’ o' o' o* o' d o* o' o* o' o' o' d o' o' o ’ o' o ’ o' o'
-H -H -H + l-H -H -H -H -H -H -H -H -H -H -H -H -H -H -H -H -H -H -H -H -H -H
cn c* o 00 in Tp o Tf o cn c* o vc m 00 in cn cn oO c- m ino o 00 o VO o Cl d M3 o •n o Cl o o vc CM cn vC cno Cl o cn o o o o o q o cn Cl o ci q o *-• o «-* r t
o' o' d o' o' d o o' o ’ o' o' o' o' o' o d o ’ o o d o' o ’ o' o o d
n*
c- <n o  o  o  o  
o' o ’ 
-H -H 
cl m— o— o  
o' o'
oo»^ in c n a o * -* c n o iin c M  oo On 2  ^  P* ^  r l r i c» ci O' Cv in
c- oo cn
o  o  
o' o' 
-H -H
VC O ON VC CM O
o ’ o'
cn c  
cn o 
o o 
o' o ’ 
*H -H
On vC Tf c— O
o ’ d
ci or-0  o  
o' o ’ 
-H -H01 — 
c* cn cn —• 
o ’ o ’
— cnO CMo  o  
o' o' 
-H -H
s so  o  
o' o'
cn cn —. o  
o  o  
o ’ o' 
-H -H
C^  Tfoo o  
— o  
o* o'
~  o  
o  o  o  o  
o' o ’ 
-H -H 
Cl o  o  o  o  o  
o' o'
o  O'r— ©
o  q  
o ’ o ' 
-H -H 
O C-
o  o  
o ’ o ’
o — o  o  
o' d  
-H *H
ON TJ- Tf CNo — 
o' o'
3 2o  o  
o' o
-H -H
•“! O
O ©
n  cn 
^  o  o  o  
o' o ’ M -H cn cn cn o  ci o  
o ’ o'
cn oo o — o  o  
o* o' 
-H *H 
cn in o  m o  o  
o ’ o ’
m vo cn 
n  in on 
o o o  
o* o' o' 
-H *H -H 
cn \c  ~  rr cn in q  o  — 
d  d  o'
cn cm in ioo  q  
o' o' 
-H -H 
tj* cn — -n* ~  cn
d  d
c n c f n ^ ' ^ 2 r' l/' N^'^cn oo 2 0' ' Cv^ ,,,w^ <r,,*(f,2 2 (f' ^ ‘ ^ ,^ ’ so",
30 O  On ON cn
— — cm —• cn
o o o o o
d  d  d  d  d
-H -H *H -H -H
o o in —« r**
cn cm oo cn —<
c i ®  — — ~
o’ o‘ o' o’ o'
Cl Cloo  o  
d  o ’ 
■H -H 
ci m o  ci o  cn
O vC rp On 
cm O cm ^  o  o  o  o  
d o ' d o  
-H -H -H -H
Cl vC On c - ©  ~  m  o  o  — —O O O O O O
c o n n v C ' C C i n - ' |n n « r i < r t j » c i n o -  o o o - — — —' c n m  — c n o o c i  — ~  — ~ cm
o  o  o  o  o  o  o  o  o  o  o  q  o  q  o  o  q  o
d d o ’ d  o ’ d  o ’ o ’ o ’ d  d  o* o ’ o* o ’ o ’ o ’ o ’
^.(n-^cMcn'no^cnTfn^CNON'O'O'C —. O ' - c n m o N s c o o r i c i o o r - c n  — tt — vc o o o o o q c i c i o c M o q ^  — *“T ~ ° .q
o* o* o ’ o ’ o ’ d  o ’ o ’ o* d  o ’ d  o ’ d  o ’ o' o ’ o'
rs *2t>
3 'u «
*§ c o
3o "rtg
2
yfZ
o
s
45 o  B  2 s i
-J J  -J J  -J -J -J
O . s
c ^ o § y — o * c c 2  o  S  .S  J3 S  o  i r  .np ^ « f c - J ' C ? . t £ C O C  u* >> jz W O n —* — s;q O. u w i i j i - s j i i a j s s
j j j j j j s s s S E
> . 2
y
a 2
8 S
£ ' 2  
Q 5
o
1 1  
3
I I
a  __
5  o
- ? o  .S
V)O o  
3
nb 
Q
>»>»*>»
= a  -no
____ J Qo a
•5 Bo  A «  «  «X £ o u o■S g  a  s  f
s s s s z z z z
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
•a
ee
ly
l-D
-m
an
no
sa
m
i»
e 
0.
01
8±
0.
00
9 
7 
0.
02
7±
0.
00
3 
6 
0.
00
3±
 
0.
00
3 
9 
0.
04
0 
±0
.0
11
 
4 
0.
02
5±
0.
00
5 
3
N
-a
ce
ly
l-
L-
gl
ui
am
ie
 
ac
id 
+
D-
xy
lo
se
 
0.
01
0±
0.
00
fi 
9 
0.
00
7±
0.
00
4 
8 
0.
00
7±
0.
00
4 
8 
0.
00
1 
±0
.0
01
 
9 
0.
00
0±
0.
00
0 
9
pa
la
iin
os
e 
0.
23
8±
0.
03
0 
2 
0.
10
8±
0.
01
5 
4 
0.
23
9±
0.
03
6 
2 
0.
03
0±
0.
01
8 
5 
0.
00
9±
0.
00
3 
4
ph
en
yl
 e
ih
yl
am
in
e 
0.
00
0±
0.
00
0 
10 
0.
00
0±
0.
00
0 
9 
0.
00
0±
0.
00
0 
10 
0.
00
0±
0.
00
0 
10 
0.
00
0±
0.
00
0 
9
95
^  o  vio o oo o o
© o ’ o ’ 
*H -H -H 
cn o  cn o o o  o  o  o  
o* o ’ o*
©  tj- ©
—  o  o  o o o
o ’ o ’ o ’ 
-H -H +1
00 TJ- O
m  o  O  o o o  
o ’ o ’ o *
cn on 
o  o  
o  o
o ’ o *  
-H -H *n on 
o  o  
o  o  
o ’ o ’
g  g
o  o  
o ’ o ’ 
+1 -H 
i n  o  
c i o  
o  o  
o ’ o ’
cn tj- c i o o o  o o o  
o  o ’ o ’ 
-H -H -H 
cn tj- c io o o  o o o  
o *  o *  o ’
Tj* Tj-
o  o  
o  q  
o ’ o ’ 
-H
t"* oo 
o  o  
o  o  
o ’ o '
«n r- 
o  o  
o  o
o ’ o *  
•H -H oo cnO VC
o  o  
d  d
c i  cn 
—  o  
o  o  
o ’ o ’ 
-H -H
On On oo o  
o  o  
o *  o *
r -  o  
—  o  
o  o  
o *  o ’ 
-H -H90 O 
Cl O
o  o  
o ’ o ’
tj- cn 
CN  O
o  o  
o *  o ’ 
-H
c» ©
V C vC
o  q  
o ’ o *
n  o  -  o o o  o o o
o *  o ’ o ’
-H *H -H
c n  o  —
9  ® 2  o o o
o *  d  o ’
r*  vc »n — s o C N o o N C T j - O r - ' r - o c i n  — — c i c i t j - ^ tj- c i c i c n ®®®
vo©incnr*-©tn — ^ © © o o ^ r - d c i © —«n ©-« — d o © ©  — — o o o o o c n c n  — — — 
o  q  o  o  o  o  o  o  o  o  o  q  o  o  q  o  o  o  o
o *  o *  o *  o *  o *  o ’ o ’ d o ’ d  o ’ o *  o  o *  o *  o *  o *  o *  o *
-H -H -H -H -H -H -H -H + l-H -H -H -H -H -H -H -H -H -H  wnoTrcNp^ooocNCNOcMOr^cn^vor^^NO — d c i o o o o o  — n o  -  — ©cNooovcdcn
o  q  o  o  q  o  q  o  o  o  o  q  o o o  —  q  o  o
o ’ o ’ o ’ o *  o  o  o ’ o ’ o ’ o ’ o ’ o ’ o ’ o ’ o ’  o ’ o ’ o ’ d
m  c -  ^  ©  o  o  c n
t j * —  —  —  ©  o  ©
o  o  o  o  q  o  q
o ’ o ’ o ’ o ’ o *  o ’ o ’
-H -H -H -H -H -H -H
» n  —  ©  ©  O  o  o cc i  c n  n o  o o  o  o  o
—  q  q  o  o  ©  q
o ’ o *  o ’ o ’ o ’ o ’ o ’
vcr-*'OcncnTj*inoccnr'«200r<‘ov"‘ cs|cn2 ' -v0
cn cn 
©  ©
o  CN  CNcn cn cn OOO
r -  o  cn o  
o  o
SO oO  CNo  o
c n  o  
—  o  
o  o
o  o— Tj*
o  o
o  o  
•H -H 
r -  < n  
cn — 
o  o
d  o *
o o o  
-H -H *H 
n  o  «n cn oo cv 
O  — —
o ’ o ’ d
o  o  
-H -HTj- —
O  ® o o
o ’ d
o  o  
■H -H
O CN— r*O —
o ’ o *
o  o  
*H -H 
c n  o  
—  o  
o  q
o *  o
o  o  
-H -H 
o  r -*— in 
O  CN
o ’ o ’
Cn nO
§ q 
o  o ’ 
-H *H
Cn — cn cn 
o  o  
o ’ o ’
Cn vn O  cn cn o  o o o
o  CN TJ* —
o  o
o o o  
-H -H -H00 d O t o o  
CN CN O
o ’ d  o ’
o  o  
-H *H 
oo cn — CNcn o  
o ’ o ’
n o  * n  
o  o  
o  o  
o ’ o ’ 
-H -H cn cn cn no o  o  
o  o*
o  o
CN Oo  o  o  o  
o ’ o  
-H -HCN Oo  o  o  o  
o* o’
o  m o  o  o  ©
o' o* 
*H -H o o o  c* o  o  
d  o
nc r-* nc m  m  n  oo ri ©2cndTj-ciTj*ood
r- cn o  o  o  o  
o  o  
-H -H
tj* Cn cn o  o  o  
d  d
cn — —« cn o  o  
o  d  
-H -H no cn cn — o  ci
o ’ d
sO —
cn cno  o  
d  d  
-Hp- —o  cn cn —
d  d
i n  cn  cn o  o  o  
d  o  
-H *H t j  cn m o  o  o  
d  d
CN  O  CN  — © © o o o
o o o  
•H -H -H
O  o  CN  d O O 
CN  O  O
o d d
o  30 o
q  q  o  
o d d  
-H -H -H o  — o  in cn 
0 —0 
o* o* o
c n  n o  » n  o  — cio o o  
o o o  
-H -H -H oo cn o
sO  3 0  —  
q  ~  —
o d d
^  o
O  CNo  o  
d  o  
-H -H r- o  o  oO Cl
d  o
n o  » n  
m o  
o  o  
o* o  
-H -H m in 
c n  t j -o  o  
d  o
« n  n o  2  o n  
O  O  —o o o  o o o  
o d d  
-H -H -H © © — o o o  o  o  q  
o d d
Cl TJ*— o  o  o  
d  o  
4H -H
NO C Jtj- cn o  o  
o* d
^ 2 ^ Cn2 vCc'* \c<ndnCNCimr*r*oor*22N C 3 0  NO T f  c i  T j* _  
t - O i C C O ' { ' I C I O t O ' C 3 C O { N O O m t h ' C 3 V 5 C - , O c l— — — c n c i d d o c n o o o c n  — — tj* — ©cn — o o o  — o oo  o  o  o  o  o  o  o  q  o  o  q  q  o  q  q  o  o  o  q  o  q  q  q  o  q
o* o* d  d  d  d  d  o* d  d  o* d  d  o’ o’ o’ o* d  d  o* d  o* o ’ o* d  o*
© v c ^ - ' n T j - N o c n T j - m T j - o c N c n c i o o o o i n O N T j - T j - o i n ' n C N C T j *
m — m T f c n — o o o c N o o c n s o ^ - r - i n N o o s o N C c i c N  — — o o  o o o  — cn — o o c N O o o c N o o c i  — o c N q q q q q q q
o ' d d o ’ o’ d  o* d  o* d  d  d  o ’ d  o* o* o’ o’ d  d  d  o ’ d  o  o* o*
•3
y
;►» y x •= © 5 ■o -2 p-» o.
O .2 so >s I:3 >» C. —
V
VI q
3
r s o* > .
X y
.2
d
+
y
‘ C
> >
* u
3
aV) ‘ya * 2
* 2
y
3 - C
> >
X
* 2y
C3
O
3 y
y 'ya
y
O
f i C
. £
O
*y y * *o
o
>% 2
y
'2
yV]o
* 2 2 > s 'y n 3 *o *y y ha
* 3 7 3 *y
oy a y y3
y
3
> • > * v : v ; K v ; •/
.3C,
3 y o  o ^ TJ- 00
o
•S
c*c
i s
S  y
1 .1
in 
_ o 
s  a  c  
£> © ’*5> *C 'u. 
£  3  3
’2 -
> >N>  X
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(ta
ble
 
co
n’
d)
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
w
ithout perm
ission.
S u b s t r a t e *  A b s o r b a n c e s  a t  6 0 0  n m  ( M e a n  ±  S E M ,  R a n k r )*
B. filicolonicus B. filicolonicus B. thuringiensis B. brevis
( s t r a i n  9 1 - 1 9 )  ( s t r a i n  9 1 - 2 3 )  ( s t r a i n  9 1 - 2 6 )  ( s t r a i n  9 1 - 1 1 0 )
N u m b e r  o f  c a t e g o r i e s  i n  r a n k i n g '  1 0  1 0  9  4
1 ,2 - p r o p a n e d i o l  +  D - x y l o s e 0 . 0 0 6 ± 0 . 0 0 6  8 s 0 . 0 0 1  ± 0 . 0 0 1  1 0 1 0 . 0 0 0  ± 0 . 0 0 0  9* 0 . 0 0 0 ± 0 . 0 0 0 4 J
2 ' - d e o x y a d e n o s i n e 0 . 0 1 4 ± 0 . 0 0 8  6 0 . 0 4 7 ± 0 . 0 1 3  5 0 . 0 4 0  ± 0 , 0 1 0  1 0 .0 0 0 ± 0 . 0 0 0 4
2 - a m i n o e t h a n o l 0 . 0 0 2 ± 0 . 0 0 2  1 0 0 . 0 2 4  ± 0 . 0 1 4  7 0 , 0 0 3  ± 0 . 0 0 3  8 0 . 0 0 0 ± 0 . 0 0 0 4
2 - k e l o - D - g l u c o n i c  a c id 0 . 0 2 6 ± 0 . 0 1 8  5 0 . 0 6 9 ± 0 . 0 6 9  3 0 . 0 1 3 ± 0 . 0 0 8  4 0 .0 0 0 ± 0 . 0 0 0 4
2 ,3 - b u t a n e d i o l 0 . 0 0 5  ± 0 . 0 0 3  8 0 . 0 1 7 ± 0 . 0 0 9  8 0 . 0 0 4  ± 0 . 0 0 3  7 0 . 0 0 0 ± 0 . 0 0 0 4
3 - i n e t l i y l g l u c o s e 0 . 0 0 3 ± 0 . 0 0 3  9 0 . 0 0 9 ± 0 . 0 0 6  8 0 . 0 1 0 ± 0 . 0 0 7  5 0 . 0 0 0  ± 0 . 0 0 0 4
a c e t i c  a c i d 0 . 0 2 8  ± 0 . 0 1 2  5 0 . 0 4 0  ± 0 . 0 0 7  5 0 . 0 1 3 ± 0 . 0 0 6  4 0 . 0 0 0 ± 0 . 0 0 0 4
a c e t o i n  +  D - x y lo s e 0 . 0 0 2 ± 0 . 0 0 2  9 0 . 0 0 0 ± 0 . 0 0 0  1 0 0 . 0 0 1  ± 0 . 0 0 1  8 0 . 0 0 0  ± 0 . 0 0 0 4
a - c y c l o d e x t r i n 0 .1 3 1  ± 0 . 0 2 8  1 0 . 1 2 1  ± 0 . 0 1 2  1 0 . 0 6 4 ± 0 . 0 1 1  1 0 , 0 0 0 ± 0 . 0 0 0 4
a d e n o s i n e 0 . 0 4 6  ± 0 . 0 1 1 3 0 . 0 9 4  ± 0 . 0 1 9  2 0 . 0 1 5 ± 0 . 0 1 1  3 0 . 0 0 0  ± 0 . 0 0 0 4
a d e n o s i n e - 5 '- m o n o p h o s p b a t e 0 . 0 1 2 ± 0 . 0 0 7  6 0 . 0 3 3 ± 0 . 0 0 4  6 0 . 0 1 5 ± 0 . 0 1 0  3 0 . 0 1 5 ± 0 . 0 1 5 1
t t - D - g l u c o s e 0 . 0 8 8  ±  0 . 0 2 2  1 0 . 1 3 8 ± 0 . 0 1 8  1 0 . 0 5 8  ± 0 . 0 2 4  1 0 . 0 0 9 ± 0 . 0 0 6 I
a - D - l a c t o s e 0 . 0 0 3 ± 0 . 0 0 2  9 0 . 0 1 7 ± 0 . 0 1 3  7 0 . 0 0 0 ± 0 . 0 0 0  9 0 . 0 0 0 ± 0 . 0 0 0 4
a - D - l a c l o s e  +  D - x y lo s e 0 . 0 5 2 ± 0 . 0 5 0  3 0 . 0 0 6  ± 0 . 0 0 6  9 0 . 0 0 2  ± 0 . 0 0 1  8 0 . 0 0 0  ± 0 . 0 0 0 4
a d o n i to l 0 . 0 0 4 ± 0 . 0 0 2  9 0 . 0 0 9 ± 0 . 0 0 5  8 0 . 0 0 4  ± 0 . 0 0 2  7 0 . 0 0 1  ± 0 . 0 0 1 3
a - b y d r o x y b u t y r i c  a c id 0 .0 1 1  ± 0 . 0 0 9  7 0 . 0 3 3  ± 0 . 0 0 8  6 0 . 0 0 2  ± 0 . 0 0 1  8 0 . 0 0 0  ± 0 . 0 0 0 4
o - k e t o b u t y r i c  a c i d 0 .0 1 1  ± 0 . 0 0 7  7 0 . 0 6 8 ± 0 . 0 0 5  3 0 . 0 0 0  ± 0 . 0 0 0  9 0 . 0 0 0 ± 0 . 0 0 0 4
a - k e t o g l u t a r i c  a c id 0 . 0 1 6 ± 0 . 0 0 7  6 0 .0 3 1  ± 0 . 0 1 3  6 0 .0 0 8  ± 0 . 0 0 4  6 0 . 0 0 3  ± 0 . 0 0 3 2
a - k e t o v a l e r i c  a c id 0 . 0 1 6 ± 0 . 0 0 9  6 0 . 0 2 5 ± 0 . 0 0 6  7 0 . 0 1 8 ± 0 . 0 0 9  3 0 . 0 0 0  ± 0 . 0 0 0 4
a l a n i n a m i d e 0 . 0 1 3 ± 0 . 0 0 8  6 0 .0 1 1  ± 0 . 0 0 5  8 0 . 0 0 4  ±  0 . 0 0 3  7 0 . 0 0 0  ± 0 . 0 0 0 4
a - m e t l t y l - D - g a l a c t o s i d e 0 . 0 2 0 ± 0 . 0 1 5  5 0 . 0 6 8  ±  0 . 0 2 0  3 0 .0 0 2 ± 0 . 0 0 2  8 0 . 0 0 0 ± 0 . 0 0 0 4
a - m e l h y l - D - g l u c o s i d e 0 .0 1 1  ± 0 . 0 0 5  7 0 . 0 2 7  ± 0 . 0 1 2  6 0 . 0 0 4  ± 0 . 0 0 2  7 0 . 0 0 6  ± 0 . 0 0 6 1
a - m e t h y l - D - m a n n o s i d e 0 . 0 5 2 ± 0 . 0 2 9  3 0 . 0 7 5 ± 0 . 0 2 5  3 0 . 0 0 0  ± 0 . 0 0 0  9 0 . 0 0 0  ± 0 . 0 0 0 4
a m y g d a l i n 0 . 0 1 9 ± 0 . 0 0 9  5 0 . 0 2 2 ± 0 . 0 0 8  7 0 . 0 0 6 ± 0 . 0 0 3  6 0 . 0 0 9 ± 0 . 0 0 8 1
a r b u t i n 0 . 0 6 4 ± 0 . 0 2 3  2 0 . 0 8 5 ± 0 . 0 2 7  2 0 . 0 1 5 ± 0 . 0 0 7  3 0 . 0 0 0 ± 0 . 0 0 0 4
P - c y c l o d e x t r i n 0 . 0 9 2 ± 0 . 0 3 5  1 0 . 0 8 3 ± 0 . 0 1 6  3 0 . 0 2 4  ± 0 . 0 1 2  2 0 . 0 0 0 ± 0 . 0 0 0 4
P - h y d r o x y b u t y r i c  a c id 0 . 0 2 5 ± 0 . 0 1 6  5 0 . 0 1 9 ± 0 . 0 0 8  7 0 . 0 1 6 ± 0 . 0 0 7  3 0 . 0 0 0  ± 0 . 0 0 0 4
(table con’d)
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t h y m i d i n e 0 . 0 5 0 ± 0 . 0 1 2  3 0 . 0 2 9  ± 0 . 0 0 7  6 0 . 0 5 8 ± 0 . 0 1 0  1 0 . 0 0 4  ± 0 . 0 0 4  2
th y  i n i d i n e - 5 ' - m o n o p h o s p h a t e 0 . 0 0 2  ± 0 . 0 0 2  1 0 0 . 0 0 3 ± 0 . 0 0 3  9 0 . 0 3 5 ± 0 . 0 1 1 1 0 . 0 0 7  ± 0 . 0 0 7  1
t u r a n o s e 0 . 0 5 3 ± 0 . 0 2 2  3 0 . 0 7 6  ± 0 . 0 1 5  3 0 . 0 1 6 ± 0 . 0 0 6  3 0 . 0 0 2  ± 0 , 0 0 1  2
t w e e n  4 0 0 . 0 2 7  ± 0 . 0 1 0  5 0 . 0 3 9 ± 0 . 0 1 8  6 0 . 0 4 0 ± 0 . 0 1 6  1 0 . 3 2 6  ± 0 . 0 3 0  1
t w e e n  8 0 0 . 0 1 3  ± 0 . 0 0 6  6 0 . 0 3 0  ± 0 . 0 0 8  6 0 . 0 0 0 ± 0 . 0 0 0  9 0 . 0 0 0 ± 0 . 0 0 0  4
u r i d i n e 0 . 0 4 6 ± 0 . 0 2 8  3 0 . 0 7 7  ± 0 . 0 0 4  3 0 . 0 3 7  ± 0 . 0 0 7  1 0 . 0 1 0 ± 0 . 0 0 8  1
u r i d i n e - 5 '- m o n o p h o s p h a t e 0 . 0 1 2 ± 0 . 0 0 6  6 0 . 0 2 5  ± 0 . 0 0 7  7 0 . 0 2 9 ± 0 . 0 1 4  2 0 . 0 0 7  ± 0 . 0 0 7  1
u r o c a n i c  a c id 0 . 0 1 7 ± 0 . 0 1 7  6 0 . 0 8 7  ± 0 . 0 3 3  2 0 . 0 0 5 ± 0 . 0 0 4  7 0 . 0 0 0 ± 0 . 0 0 0  4
w a t e r 0 . 0 0 0  ± 0 . 0 0 0  1 0 0 . 0 0 0  ± 0 . 0 0 0  1 0 0 . 0 0 0  ± 0 . 0 0 0  9 0 . 0 0 0  ± 0 . 0 0 0  4
x y l i l o l 0 . 0 0 3 ± 0 . 0 0 1  9 0 . 0 0 0 ± 0 . 0 0 0  1 0 0 . 0 0 6  ± 0 . 0 0 2  6 0 . 0 0 0 ± 0 . 0 0 0  4
“  E a c h  w e l l  i n  B io l o g  m i c r o p l a t c s  c o n t a i n e d  a p p r o x i m a t e l y  0 . 3 5  to  0 . 8 4 %  c a r b o h y d r a t e s  a n d  a p p r o x i m a t e l y  0 . 1 6 %  f o r  a l l  o t h e r  C  s o u r c e s  ( Z i v a  A b r a h a m ,  
p e r s o n a l  c o m m u n i c a t i o n ,  B i o l o g ,  I n c ,  H a y w a r d ,  C A )
'  T u r b i d i t y  i n  e a c h  w e l l  w a s  m e a s u r e d  a t  6 0 0  r u n  in  a n  a u t o m a t e d  m i c r o p l a t e  r e a d e r  a f t e r  4 8  h r  i n c u b a t i o n  a t  2 8 ° C .
,  U t i l i z a t i o n  o f  e a c h  c o m p o u n d  w a s  r a n k e d ,  a n d  t h e  r a n k i n g s  w e r e  d i v i d e d  in t o  4 - 1 0  g r o u p s  o f  a t  l e a s t  7  s u b s t r a t e s  e a c h .  A  r a n k i n g  o f  1 i n d i c a t e s  t h a t  th i s
c o m p o u n d  is  a m o n g  th e  t o p  1 0 %  o f  c o m p o u n d s  u t i l i z e d  a s  a  C  s o u r c e  w i t h i n  t h i s  s t r a i n .  L i k e w i s e ,  a  r a n k i n g  o f  1 0  i n d i c a t e s  t h a t  th i s  c o m p o u n d  is  a m o n g  
(h e  l e a s t  u t i l i z e d  C  s o u r c e s  w i t h i n  (h is  s t r a i n .
* T h e  n u m b e r  o f  c a t e g o r i e s  i n  t h e  r a n k i n g  w a s  d e t e r m i n e d  b y  t h e  n u m b e r  o f  s u b s t r a t e s  t h a t  w a s  u t i l i z e d  b y  e a c h  s t r a i n .  T h e r e  h a d  t o  b e  a t  l e a s t  7  s u b s t r a t e s
w i th i n  a  c a t e g o r y .  F o r  e x a m p l e ,  a  r a n k i n g  o f  4  i n d i c a t e s  t h a t  t h e r e  w e r e  o n ly  4  d i s c r e t e  c a t e g o r i e s  w i t h i n  t h i s  s t r a i n .
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APPENDIX B
Utilization of various substrates as carbon sources by Pythium species as determined 
by Biolog microplate assays
Substrate”' Absorbance at 600 nm (M ean ±  SEM, Rank* ) 1
P. arrhenomanes P. myriotylum P. dissotocum
(strain  1398) (strain 1397) (strain 1374)
N um ber o f categories in  ranking1 9 8  9
1,2-propanediol +  D-xylose 0 . 0 0 0  ± 0 . 0 0 0 93 0 . 0 0 1  ± 0 . 0 0 1 V 0 . 0 0 0  ± 0 . 0 0 0  9
2 ‘ -deoxyadenosine 0.023 ±0 .023 2 0 . 0 0 0  ± 0 . 0 0 0 8 0.029 ± 0 .026  5
2 -aminoethanol 0 .004 ±0 .003 6 0 . 0 0 0  ± 0 . 0 0 0 8 0 . 0 0 1  ± 0 . 0 0 0  8
2-keto-D-gluconic acid 0.025 ±0 .017 2 0.008 ± 0 .0 0 5 5 0 .0 0 0 ± 0 .0 0 0  9
2,3-butanediol 0.006 ±0 .003 5 0 . 0 0 2  ± 0 . 0 0 2 7 0.000 ± 0 .000  9
3-methylglucose 0.008 ± 0 .004 5 0.003 ± 0 .0 0 2 6 0 .0 0 2 ± 0 .0 0 2  7
acetic acid 0 . 0 0 1  ± 0 . 0 0 1 8 0.013 ± 0 .013 4 0.051 ± 0 .026  4
acetoin  +  D-xylose 0 . 0 0 0  ± 0 . 0 0 0 9 0 . 0 0 2  ± 0 . 0 0 1 7 0 .0 0 0 ± 0 .0 0 0  9
a-cyclodextrin 0.063 ±0 .030 1 0.009 ± 0 .0 0 6 5 0.000 ± 0 .000  9
adenosine 0.025 ±0 .018 2 0 . 0 1 1 ± 0 .0 0 8 5 0.003 ± 0 .002  7
adenosine-5 ' -monophosphate 0.024 ±0 .009 2 0 .016± 0 .008 4 0.018 ± 0 .008  6
a-D -glucose 0.077 ±0 .029 I 0 . 2 2 2  ±0 .071 I 0.535 ± 0 .075  1
a-D -lactose 0.019 ±0 .009 3 0 .016± 0 .010 4 0.070 ± 0 .0 2 7  3
a-D -lactose +  D-xylose 0.003 ± 0 .002 7 0 .056± 0 .018 2 0 .0 49± 0 .010  4
adonitol 0.016 ± 0 . 0 1 1 4 0 . 0 0 0  ± 0 . 0 0 0 8 0.000 ± 0 .000  9
a-hydroxybutyric acid 0 . 0 0 1  ± 0 . 0 0 1 8 0 . 0 0 0  ± 0 . 0 0 0 8 0.000 ± 0 .000  9
a-ketobutyric acid 0 . 0 0 0  ± 0 . 0 0 0 9 0 . 0 0 0  ± 0 . 0 0 0 8 0.003 ± 0 .0 0 2  7
a-ketoglutaric acid 0.005 ± 0 .004 6 0 . 0 2 0  ± 0 . 0 1 0 3 0.058 ± 0 .0 1 7  4
a-ketovaleric acid 0.009 ± 0 .008 5 0 . 0 0 0  ± 0 . 0 0 0 8 0 . 0 0 1  ± 0 . 0 0 1  8
alaninam ide 0.011 ± 0 .009 5 0.030 ± 0 .0 2 2 3 0.159 ± 0 .065  2
a-m ethyl-D-galactoside 0.003 ± 0 .002 7 0 .0 0 2 ± 0 . 0 0 2 7 0.003 ± 0 .0 0 2  7
a-m ethyl-D-glucoside 0 . 0 0 0  ± 0 . 0 0 0 9 0 . 0 0 2  ± 0 . 0 0 2 7 0.000 ± 0 .000  9
a-m ethyl-D-m annoside 0.013 ± 0 .005 4 0 . 0 0 1  ± 0 . 0 0 1 7 0.000 ± 0 .000  9
am ygdalin 0.004 ± 0 .004 6 0.035 ±0 .021 3 0.027 ±0.011 5
arbutin 0.003 ± 0 .002 7 0.003 ± 0 .003 6 0.082 ± 0 .019  3
P-cyclodextrin 0.088 ±0 .018 1 0.007 ± 0 .0 0 4 5 0.000 ± 0 .000  9
a-hydroxybutyric acid 0 . 0 0 2  ± 0 . 0 0 2 7 0 .0 0 2 ± 0 . 0 0 1 7 0.028 ± 0 .009  5
a-methyl-D-galactoside 0.005 ± 0 .004 6 0 . 0 0 0  ± 0 . 0 0 0 8 0.005 ±0 .003  7
a-m ethyl-D-glucoside 0.048 ± 0 .024 2 0.116 ± 0 .0 3 2 1 0.323 ± 0 .056  1
brom osuccinic acid 0.009 ± 0 .007 5 0 . 0 0 0  ± 0 . 0 0 0 8 0.052 ± 0 .030  4
cellobiose 0.067 ±0 .026 1 0.420 ± 0 .0 7 4 1 0.494 ± 0 .069  1
cis-aconitic acid 0 . 0 0 0  ± 0 . 0 0 0 9 0.056 ± 0 .0 4 0 2 0 .0 84± 0 .059  3
citric acid 0 . 0 0 0  ± 0 . 0 0 0 9 0 . 0 0 0  ± 0 . 0 0 0 8 0.116 ± 0 .082  3
D-alanine 0.004 ± 0 .004 6 0.046 ± 0 .0 3 0 2 0.065 ± 0 .052  4
D-arabinose 0 . 0 0 1  ± 0 . 0 0 0 8 0 .0 0 0 ± 0 . 0 0 0 8 0.000 ± 0 .000  9
D -arabitol 0 .0 2 2 ± 0 . 0 1 0 3 0 . 0 0 0  ± 0 . 0 0 0 7 0 . 0 0 1  ± 0 . 0 0 1  8
101 (table con’d)
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dextrin 0.157 ±0.050
dextrin  +  D-xylose 0.041 ±0.029
D-fructose 0.039 ±0 .022
D -galactonic acid lactone 0 . 0 0 0  ± 0 . 0 0 0
D -galactose 0.008 ±0 .007
D -galactose +  D-xylose 0 . 0 0 0  ± 0 . 0 0 0
D -galacturonic acid 0 . 0 0 2  ± 0 . 0 0 1
D -gluconic acid 0.018 ±0.008
D -glucosam ine 0 . 0 0 0  ± 0 . 0 0 0
D -glucosam inic acid 0 . 0 0 0  ± 0 . 0 0 0
D -glucuronic acid 0 . 0 0 1  ± 0 . 0 0 1
D -glucuronic acid +  D-xylose 0.003 ±0 .002
D -lactice acid  methyl ester 0.008 ±0.003
D -m alic acid 0 . 0 0 1  ± 0 . 0 0 1
D-m annitol 0.057 ±0 .034
D -m annose 0.023 ±0.015
D-m elezitose 0.032 ±0 .024
D-m elibiose 0.041 ±0.023
D -m elibiose +  D-xylose 0.003 ±0 .002
D-psicose 0 . 0 1 1  ±0.008
D -raffinose 0.058 ±0.021
D -ribose 0.005 ±0.003
D -saccharic acid 0 . 0 0 0  ± 0 . 0 0 0
D -serine 0 . 0 0 0  ± 0 . 0 0 0
D-sorbitol 0.021 ±0 .014
D -tagatose 0 . 0 0 0  ± 0 . 0 0 0
D -trehalose 0.051 ±0.023
D-xylose 0 . 0 0 1  ± 0 . 0 0 1
D ,L-a-glycerol phosphate 0 .016±0.016
D ,L -cam itine 0 . 0 0 0  ± 0 . 0 0 0
D ,L-lactic acid 0 . 0 0 0  ± 0 . 0 0 0
formic acid 0 . 0 0 1  ± 0 . 0 0 1
fiuctose-6 -phosphate 0.019 ±0.013
tum aric acid 0 .024±0.017
gentiobiose 0.094 ±0.025
glucose - 1 -phosphate 0.006 ±0.003
glucose-6 -phosphate 0.003 ±0.002
glucuronam ide 0 . 0 0 0  ± 0 . 0 0 0
glycerol 0 .016±0.007
glycogen 0 .120±0.058
glycyl-L-aspartic acid 0.009 ±0.003
glycyl-L-glutam ic acid 0.053 ±0.031
hydroxy L-proline 0.003 ±0 .002
i-erythritol 0 . 0 0 2  ± 0 . 0 0 1
inosine 0.029 ±0 .022
inulin 0 . 0 2 1  ± 0 . 0 1 1
itaconic acid 0 . 0 0 1  ± 0 . 0 0 0
lactamide 0.016 ± 0 . 0 1 1
Iacmlose 0 .017±0.014
L-alanine 0.008 ±0.005
I 0.340 ± 0 .0 7 5  1 0.489 ± 0 .094  1
2 0 .1 0 4 ± 0 .0 5 7  1 0.227 ± 0 .035  2
2 0 . 0 0 0  ± 0 . 0 0 0  8 0.634 ±0 .085  1
9 0 . 0 0 0  ± 0 . 0 0 0  8 0.000 ± 0 .000  9
5 0 .0 0 0 ± 0 . 0 0 0  8 0 .0 0 0 ± 0 .0 0 0  9
9 0 . 0 0 0  ± 0 . 0 0 0  8 0.000 ± 0 .000  9
7 0.003 ± 0 .0 0 3  6 0 .0 0 0 ± 0 .0 0 0  9
3 0.005 ± 0 .0 0 3  6 0 .0 l l ± 0 .0 t l  6
9 0.027 ± 0 .0 1 9  3 0.006 ± 0 .0 0 4  6
9 00020 ± 0 .001  7 0.000 ± 0 .000  9
8 0 . 0 0 0  ± 0 . 0 0 0  8 0.000 ± 0 .000  9
7 0 . 0 0 0  ± 0 . 0 0 0  8 0.000 ± 0 .000  9
5 0.029 ± 0 .0 1 8  3 0.103 ± 0 .010  3
8 0 . 0 0 0  ± 0 . 0 0 0  8 0.005 ± 0 .003  7
1 0 .0 1 4 ± 0 .0 1 4  4 0 . 0 0 1  ± 0 . 0 0 1  8
3 0.026 ± 0 .0 2 0  3 0.595 ±0 .063  1
2 0.015 ± 0 .0 1 1  4 0.000 ± 0 .000  9
2 0.012 ± 0 .0 0 7  4 0.032 ± 0 .025  5
7 0.006 ± 0 .0 0 3  5 0.013 ± 0 .009  6
4 0.004 ± 0 .0 0 4  6 0.007 ± 0 .0 0 4  6
I 0.007 ± 0 .0 0 3  5 0.239 ± 0 .040  1
6 0.003 ± 0 .0 0 3  7 0 .0 1 6 ± 0 .0 1 2  6
9 0 . 0 0 0  ± 0 . 0 0 0  8 0 .0 0 0 ± 0 .0 0 0  9
9 0 . 0 0 0  ± 0 . 0 0 0  8 0.000 ± 0 .000  9
3 0.009 ± 0 .0 0 9  5 0 .0 0 0 ± 0 .0 0 0  9
8 0 . 0 0 0  ± 0 . 0 0 0  8 0.000 ± 0 .000  9
1 0 .0 5 2 ± 0 .0 2 3  2 0.226 ±0 .031  2
8 0 . 0 0 0  ± 0 . 0 0 0  8 0.009 ± 0 .009  6
4 0.006 ± 0 .0 0 4  6 0.023 ± 0 .010  5
9 0 . 0 0 0  ± 0 . 0 0 0  8 0.000 ± 0 .000  9
9 0 .1 0 0 ± 0 .0 7 1  1 0 .1 5 4 ± 0 .0 8 0  2
8 0.002 ± 0 .0 0 1  7 0 .000 ± 0 .000  9
3 0 . 0 0 0  ± 0 . 0 0 0  8 0.031 ± 0 .0 1 2  5
2 0.013 ± 0 .0 0 9  4 0 .084 ± 0 .030  3
1 0.238 ± 0 .0 5 1  1 0.321 ± 0 .0 5 2  1
6 0.002 ± 0 .0 0 2  7 0.018 ±0 .007  5
7 0 .0 0 4 ± 0 .0 0 4  6 0.019 ±0 .008  5
9 0 . 0 0 0  ± 0 . 0 0 0  8 0.000 ± 0 .000  9
4 0 .0 3 7 ± 0 .0 1 2  3 0.141 ±0.011 2
1 0 .3 9 4 ± 0 .0 4 2  1 0.581 ± 0 .054  1
5 0.041 ± 0 .0 1 9  2 0 .0 6 4 ± 0 .0 3 7  4
I 0.050 ± 0 .0 2 8  2 0 .1 19±0.050  2
7 0 .0 0 0 0 ± . 0 0 0  8 0.000 ± 0 .000  9
7 0 .0 0 3 ± 0 .0 0 2  6 0 .0 0 0 ± 0 .0 0 0  9
2 0.017 ± 0 .011  4 0 .0 2 0 ± 0 .0 1 3  5
3 0 .0 1 0 ± 0 .0 1 0  5 0.006 ±0 .003  6
8 0.005 ± 0 .0 0 3  6 0.000 ± 0 .000  9
4 0 . 0 0 0  ± 0 . 0 0 0  8 0.023 ± 0 .010  5
3 0 .0 3 6 ± 0 .0 1 7  3 0.067 ±0.041 3
5 0.078 ± 0 .0 1 9  2 0 .2 1 6 ± 0 .0 6 7  2
(table con’d)
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L-alanyl-glycine 0.004 ±0 .004  6 0.069±0.019  2 0.152 ± 0 .0 5 2  2
L-arabinose 0.013 ±0 .006  4 0.008 ±0 .007  5 0 . 0 0 1  ± 0 . 0 0 1 9
L-asparagine 0.023 ±0.013 3 0.125 ±0 .044  1 0 .2 3 4 ± 0 .0 4 6 I
L-aspartic acid 0.000 ±0 .000  9 0.011 ± 0 .008  4 0.099 ± 0 .0 2 2  3
L-fucose 0.013 ±0.008 4 0 . 0 0 0  ± 0 . 0 0 0  8 0.005 ± 0 .0 0 5  7
L-glutamic acid 0 .015± 0 .012  4 0 .049±0 .020  2 0.153 ± 0 .0 1 2  2
L-histidine 0.000 ±0 .000  9 0.023 ± 0 .016  3 Q .145±0.031 2
L-Iacdc acid 0.008 ±0.005 5 0 .059± 0 .014  2 0.043 ± 0 .0 3 0  4
L-Ieucine 0 .000± 0 .000  9 0 .017± 0 .012  4 0.039 ± 0 .0 2 0  4
L-malic acid 0.013 ± 0 .0 1 1 4 0 .1 12±0.035 1 0.150 ± 0 .0 3 3 2
L-omi thine 0 .000± 0 .000  9 0 . 0 0 0  ± 0 . 0 0 0  8 0.128 ± 0 .0 4 2  2
L-phenylalanine 0.000 ±0.000 9 0.001 ± 0 .000  7 0.005 ± 0 .0 0 4  7
L-proline 0 .000± 0 .000  9 0 .057± 0 .040  2 0 .1 1 7 ± 0 .0 4 4  3
L-pyroglutamic acid 0 .0 0 2 ± 0 . 0 0 2  8 0 .002± 0 .002  7 0.003 ± 0 .003 7
L-rhamnose 0 .012± 0 .007  4 0 .000±0 .000  7 0.003 ± 0 .0 0 2  7
L-serine 0 . 0 0 2  ± 0 . 0 0 2  8 0.007 ± 0 .007  5 0.065 ± 0 .0 2 9  4
L-sorbose 0 .000± 0 .000  9 0 . 0 0 0  ± 0 . 0 0 0  8 0.013 ± 0 .0 0 9 6
L-threonine 0 .0 0 0 ± 0 . 0 0 0  8 0 .0 0 0 ± 0 . 0 0 0  8 0 .0 2 6 ± 0 .0 1 8 5
malonic acid 0.000 ±0.000 9 0.053 ± 0 .037  2 0.059 ± 0 .041 4
maltitol 0 .020± 0 .014  3 0.009 ±0.003 5 0.021 ± 0 .003 5
maltose 0.095 ±0.035 1 0.295 ±0.083 1 0.482 ± 0 .0 6 5 I
maltotriose 0.117 ±0.045 1 0.245 ±0.103 I 0.414 ± 0 .0 6 5 1
mannaa 0.007 ±0.005 5 0 . 0 0 0  ± 0 . 0 0 0  8 0 . 0 0 2  ± 0 . 0 0 1 7
methyl pyruvate 0 .0 ll± 0 .0 1 1  5 0.041 ±0.028 2 0.068 ± 0 .0 3 7  3
methyl succinate 0 .000± 0 .000  9 0 .0 0 0 ± 0 . 0 0 0  8 0 . 0 0 0  ± 0 . 0 0 0 9
methyl succinate +  D-xylose 0.006 ±0 .004  6 0.004 ±0.003 6 0 . 0 0 0  ± 0 . 0 0 0 9
m-inositol 0.011 ±0.008 4 0 .0 0 0 ± 0 . 0 0 0  8 0 . 0 0 2  ± 0 . 0 0 2  8
m-inositol +  D-xylose 0.008 ±0.005 5 0.007 ±0.003 5 0.029 ±0 .021 5
mono-methyl succinate 0 .002 ±0.002 7 0.006 ±0 .004  6 0.042 ± 0 .0 2 5 4
N-acetyl L-glutamic acid 0 . 0 0 1  ± 0 . 0 0 1  8 0 .014± 0 .006  4 0 .0 9 9 ± 0 .0 1 7 3
N -acety 1-D-galactosamine 0 .016± 0 .016  4 0.014±0.013  4 0.089 ± 0 .0 6 4  3
N-acetyl-D-glucosamine 0.023 ±0.020 3 0.039 ±0 .039  3 0.117 ± 0 .0 7 4 3
N-acetyl-D-mannosamine 0 .004±0.003  6 0 . 0 0 0  ± 0 . 0 0 0  8 0.006 ± 0 .003 7
N-acetyl-L-glutamic acid +
D-xylose 0.005 ±0 .004  6 0 . 0 0 0  ± 0 . 0 0 0  8 0.028 ± 0 .0 1 8 5
palatinose 0.003 ±0.002 7 0.007 ±0 .004  5 0 .0 8 7 ± 0 .0 1 6 3
phenyl ethylam ine 0.000 ±0.000 9 0 . 0 0 0  ± 0 . 0 0 0  8 0.015 ± 0 . 0 1 1 6
p-hydoxy phenylacetic acid 0.004 ±0.003 6 0 . 0 0 0  ± 0 . 0 0 0  8 0 . 0 0 2  ± 0 . 0 0 2 8
propionic acid 0.004 ±0 .004  6 0.003 ±0.003 6 0.011 ± 0 .0 0 9 6
putrescine 0.002 ±0.002 7 0 . 0 0 0  ± 0 . 0 0 0  8 0.008 ± 0 .0 0 5 6
pyruvic acid 0.023 ±0.013 3 0.033 ±0.015 3 0 .0 4 9 ± 0 .0 1 5 4
quinic acid 0 .000 ±0.000 9 0 .0 0 0 ± 0 . 0 0 0  8 0 . 0 0 0  ± 0 . 0 0 0 9
quinic acid +  D-xylose 0 . 0 0 1  ± 0 . 0 0 1  8 0.005 ±0.003 6 0 .0 1 6 ± 0 .0 1 2 6
r-amino butyric acid 0 .018± 0 .017  3 0.023 ±0.013 3 0.119 ± 0 .0 3 5 2
r-hydroxybutyric acid 0.002 ±0.002 7 0 . 0 0 0  ± 0 . 0 0 0  8 0.004 ± 0 .0 0 3 7
salicin 0.037 ±0.024 2 0 .100±0 .032  2 0 .1 0 9 ± 0 .0 2 5 3
sebacic acid 0.000 ±0.000 9 0 .0 0 0 ± 0 . 0 0 0  8 0 . 0 0 0  ± 0 . 0 0 0 9
sedoheptulosan 0.004 ±0.003 6 0.003 ±0 .002  6 0 .0 0 4 ± 0 .0 0 1 7
sorbitol 0.023 ±0.016 2 0.029 ±0 .020  3 0 . 0 0 0  ± 0 . 0 0 0 9
stachyose 0 .002± 0 .002  7 0 .012±0.009  4 0.033 ± 0 .011 4
(table con’d)
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succinamic acid 0.002 ± 0 .0 0 2  8 0.011 ±0.010 4 0.050 ± 0 .0 1 2  4
succinic acid 0 .0 1 2 ± 0 .0 0 9  4 0.075 ±0.027 2 0.140 ± 0 .0 3 6  2
sucrose 0.049 ±0 .021  2 0.256 ±0.083 1 0.355 ± 0 .1 0 0  1
thymidine 0 .0 1 9 ± 0 .0 I0  3 0.005 ±0.005 6 0.0 0 2 ± 0 .0 0 l 8
thymidine-5' -m onophosphate 0.004 ±0 .003  6 0.007 ±0.005 5 0.003 ± 0 .0 0 2  7
turanose 0.008 ± 0 .0 0 4  5 0.008 ±0 .004  5 0.047 ±0 .016  4 ‘
tween 40 0.232 ± 0 .0 4 7  1 0.282 ±0.078 1 0 .2 3 2 ± 0 .0 5 5  1
tween 80 0.000 ± 0 .000  9 0.035 ±0 .016  3 0.143 ± 0 .0 2 2  2
uridine 0 .017± 0 .013  3 0.016 ±0.011 4 0.027 ± 0 .0 1 5  5
uridine-5' -monophosphate 0 .0 14± 0 .005  4 0.020 ±0.013 3 0.017 ± 0 .003  6
urocanic acid 0.031 ± 0 .022  2 0.000 ±0 .000 8 0.016 ±0 .011  6
water 0.000 ± 0 .000  9 0.000 ±0 .000 8 0.000 ± 0 .0 0 0  9
xylitol 0 .0 07± 0 .005  5 0.000 ±0 .000  8 0.000 ± 0 .0 0 0  9
Each well in Biolog microplates contained approximately 0 .35  to 0.84%  carbohydrates and approximately 
0.16%  for all o ther C sources (Ziva Abraham , personal communication, Biolog, Inc, H ayw ard, CA) 
Turbidity in each well was measured at 600 nm  in an  autom ated microplate reader after 48 h r  incubation 
at 28°C.
Utilization o f  each  compound was ranked, and the rankings were divided into 8-9 groups o f  at least 14 
substrates each. A  ranking of 1 indicates that this com pound is among the top 10% o f  com pounds utilized 
as a  C source within this strain. Likewise, a ranking o f  9 indicates that this com pound is am ong the least 
utilized C sources w ithin this strain.
The number o f categories in the ranking was determined by the number o f substrates that was utilized by 
each  strain. T here had to be at least 14 substrates w ithin a category. F or exam ple, a ranking o f  8 
indicates that there w ere only 8 discrete categories w ithin this strain.
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